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TI Silicon Transistor Application Note 


TRANSISTORIZED INTERCOM EXCEEDS MIL-E-5272B SPECS 


CIRCUIT SPECIFICATIONS 
150-mw output from -55°C ta 
100°C at less than 10% har- 
monic distortion over frequency, 
range 


Z2N3S42A 
i 


Frequency response @ 25°C) 
_ &table within £2 db of 1000 
cps 100 mw reference level! 
from 200 to 8000 cps 
Frequency response @ -55°C 
| and 100°C within =S db aa 
_ 25°C frequency response 


T+ S.6K 2 174K CF Less than 3-db gain variation’ 

i keine Seah ict @ -55°C and 100°C comparedi 

QUTPUT STAGE HAS STANDARD 2N3424 MATCHED PAIRS - 
to 25°C measurement | 


LOUD AND CLEAR AT 100°C! 


You can satisfy the 71°C equipment requirements of bLEE<5272iBee 100°C with the intercom: 
amplifier circuit shown above — using TI 2N342A sili@o transistor's with we. guaranteed 3-to-1. 
linear beta characteristics ...85-v_ collector-to-emitter breakdown, givingsabwide safety @ram@e 
with 28-v aircraft supplies . . . plus dissipation capabilitwof 1 watt at 25°C and 200 mw.at pst. 


The newest addition to the wse-proved TI 2N339 serieS introduced in 1957, this medium-power 
unit carries the full-year TI guarantee and is imfa@diately available off-the-shelf from all TY 
distributors in 1-249 quantities. For production quantities, contact your nearest TI sales office., 


TYPICAL INTERCOM AMPLIFIER PERFORMANCE CHARACTERISTICS USING 2N342A TRANSISTORS 


nput Impedance at 1000 cps 


0 0 6 8. 10 
Per Cent of Units Less Than Ordinate 
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TEXAS: INSTRUMENTS, 
INCORPORATED 


POST OFFICE BOX 312 13500 N. CENTRAL EXPRESSWAY 
DALLAS, TEXAS 


from THE WORLD'S LARGEST SEMICONDUCTOR PLANT 


MERCK HAS 
ALL FOUR FORMS OF 


IN PRODUCTION QUANTITIES 


See our display 
at the I.R.E. Show, 
Booth 4521 


For additional information on specific applica- 
tions and processes, write Merck & Co., Inc., 
Electronic Chemicals Division, Department 
ES-3, Rahway, New Jersey. 


MERCK DOPED SINGLE CRYSTAL SILICON—offers doped float zone single 
crystals of high quality at low costs. Yields of usable material are reported to 
be especially high when device diffusion technics are used with these 
crystals. Float zone single crystals doped either “‘p” or “‘n” type with resis- 
tivities from 3 to 300 ohm cm. any range plus or minus 25% and a minimum 
lifetime of 100 microseconds are available in diameters of 18 to 20 mm., and 
random lengths of 2 to 10 inches. 

NOTE: Doped single crystals in other diameters, resistivities, or lifetimes not listed above can be 

furnished as specials. 


MERCK HIGH RESISTIVITY “P” TYPE SINGLE CRYSTAL SILICON—offers float 
zone single crystals of a quality unobtainable by other methods. Available 


with minimum resistivity of 1000 ohm cm. “‘p” type and a minimum lifetime 
of 200 microseconds, diameter 18 to 20 mm., random lengths 2 to 10 inches. 


MERCK POLYCRYSTALLINE BILLETS—have not previously been melted in 
quartz, so that no contamination from this source is possible. Merck guar- 
antees that single crystals drawn from these billets will yield resistivities over 


50 ohm cm. for “n” type material and over 100 ohm cm. for “‘p”’ type ma- 
terial. Merck silicon billets give clean melts with no dross or oxides. 


MERCK POLYCRYSTALLINE RODS —are ready for zone melting as received... 
are ideal for users with float zone melting equipment. Merck polycrystalline 
rods are available in lengths of 8% to 10% inches and in diameters of 18 
to 20 mm. Smaller diametets can be furnished on special order. In float zone 
refining one can obtain from this material single crystals with a minimum 


resistivity of 1000 ohm cm. “‘p” type with minimum lifetime of 200 micro- 
seconds or the material can be doped by user to his specifications. 


© Merck & Co., Inc. 


ULTRA-PURE \ e 
(liGON —a croduehel yr eR.c K 


BASE BORON CONTENT BELOW ONE ATOM OF BORON PER SIX BILLION SILICON ATOMS 


Circle No. 3 on Reeder Service Card 


SEMICONDUCTOR PRODUCTS e APRIL 1959 ° 1 


specify 


reliable 


SILICON RECTIFIERS 


for missile and other highly critical a 


lications 


Raytheon Solid State Diffused Junction Silicon Rectifiers offer you: 


® demonstrated dependability of performance 
throughout the industry 


® precise junction gradient for specific applications 


® fiat junctions for uniform control of 


® ready availability in, production- quantities 

® minus 65°C to plus 165°C operating 
temperature 

® storage temperature up to 175°C 


characteristics ® welded hermetic seal 


WIRE-IN-TYPE 


7/16’ STUD TYPE 


Peak Operating Ave. Rectified 
Current 


Reverse Current 
Voltage 
—65°C to + 165°C | 25°C , 150°C 


Ave. Rectified 
(Max.) at 
Specified PIV, 25°C 


Peak Operating 
oltage Current (Max.) at 
—65°C to +165°C °C , 150°C | Specified PIV, 150° 


Volts 3 Volts mA 


Reverse Current 


1N538, 1N540, 1N547 available to MIL specifications. {Same as 1N1096 


1N253 through 1N256 available to MIL specifications. 


SEMICONDUCTOR DIVISION 


RAYTHEON MANUFACTURING CO. 


® SILICON AND GERMANIUM DIODES AND TRANSISTORS-«SILICON RECTIFIERS+ CIRCUIT PACKAGES 


New York, Plaza 9-3900 ° Boston, Hlllcrest 4-6700 . Chicago, NAtional 5-4000 ° 
Baltimore, SOuthfield 1-1237. © Cleveland, Winton 1-7005 
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Los Angeles, NOrmandy 5-4221 
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Shown is a_ mierophotograph of the area in the vicinity of an 
arsenic diffused p-n junction. On the electrolytically etched sur- 
face the bright lines at the junction are due to sharp doping im- 
purity gradients. With an inversion layer present on the p-type 
region, barium titanate particles, which tend to deposit where 
there is a potential gradient along the surface, are seen to be 
spread out away from the junction. See “Some Effects of Semi- 
conductor Surfaces on Device Operation” by G. A. deMars, page 
24. Photo courtesy Raytheon Manufacturing Company. 


SEMICONDUCTOR PRODUCTS is published monthly by Cowan Publishing Corp. Executive and Editorial 
Offices: 300 West 43rd Street, New York 36, N. Y. Telephone: JUdson 2-4460. Subscription price: $6.00 for 
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Precision- formed 
Sylvania ingots 
yield more 
single-crystal 
Germanium... 


Zw 


NOT THIS 


Bb tn i 
Udsursssttl, | 


OR THIS 


Sylvania ingots are made to fit your boat exactly | 
for maximum yield of monocrystalline germanium | 
in horizontal crystal growing. Poorly formed in- : 
gots result in uneven melting, increased shrink- 

age and greater polycrystalline formation 


Semiconpuctor device manufacturers can 
rely on a greater yield of monocrystalline 
germanium when they specify Sylvania ingots. 


greater yield of doped single crystals and 
lower unit costs. 


Sylvania germanium ingots are available in 


The size and shape of Sylvania ingots are held 
to tolerances within 0.005 inch on base and 
radius dimensions, 0.1 inch on height, and % 
degree on taper. As a result a Sylvania ingot 
will fit your horizontal crystal growing boat 
precisely, and deter polycrystalline formation. 
Melting is even, surface drop is held to a 
minimum and shrinkage is reduced. You get a 


¥ SYLVANIA 


TUNGSTEN * MOLYBDENUM + CHEMICALS + PHOSPHORS - SEMICONDUCTORS 


any one of seven standard cross sections or in 
designs made to your specifications. Whatever 
form you specify, you can count ona maximum 
yield from Sylvania germanium ingots. Con- ° 
tact your Sylvania representative for further 
information on precision-formed germanium 


or write the Chemical and Metallurgical Divi- 
sion directly. 


SyLvaniA ELEctrric Propucts Inc. 
Chemical & Metallurgical Div. 


Towanda, Penna. 
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Now you can get high-performance voltage-regulator 
diodes in the famous, hermetically-sealed Hughes glass 
envelope. These diodes have an outstanding characteristic: 
sharp regulation of reverse voltage. This means that you 
can use them—with confidence—in clipping, clamping, 
coupling, and compensation circuits to obtain dependable 
voltage regulation. In addition, they retain this stability, 
together with low dynamic resistance, throughout a wide 
range of operating temperatures. 


14 pa aed? 
eisedcggaaga gage ue 


'ZENER DIODES IN A PROVEN GLASS PACKAGE 


CHARACTERISTICS 


Nominal Voltage: 2 volts to 30 volts 

Power Dissipation: 250 milliwatts 

Maximum Dynamic Resistance: 10 to 75 ohms 
Operating Temperature Range: —65° to 175° C, 


Dimensions, Diode Glass Body: Maximum Length: 0.265” max. 
Maximum Diameter: 0.105” max. 


To obtain your copy of specifications covering the family of more than a dozen types of Hughes Silicon Voltage-Regulator 
Diodes, please write: Hughes Products, Semiconductor Division, Marketing Department, P.O. Box 278, Newport Beach, California. 


Creating a new world with seme cr HU GHE S PR COD U CTS 


© 1959, HUGHES AIRCRAFT COMPANY 


SEMICONDUCTOR DEVICES « STORAGE AND MICROWAVE TUBES « CRYSTAL FILTERS * OSCILLOSCOPES + RELAYS » SWITCHES - INDUSTRIAL CONTROL SYSTEMS 
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News from 
Fraytheon's 
Semiconductor 
DIVISION... 


ELECTROLYTIC SLICING—- 
This engineer is slicing a ger- - 
manium crystal by electrolytic : 
means. Up to now semiconductor r 
wafers have been formed by / 
mechanical processes, such as3 
cutting with diamond saws orr 
lapping with abrasive powders. 
The resulting mechanical dam- - 
age to the critical surfaces; 
reduces the quality and effective- - 
ness of finished semiconductor ° 
devices. Electrolytic slicing of / 
crystals, producing surfaces ; 
which are free from the mechani- - 
cal damage resulting from other ’ 
methods, is one of the many ° 
pioneering activities initiated 

and carried forward by the scien- 

tists and engineers of Raytheon’s 

Semiconductor Division. 


THE PLACE FOR THE MAN WHO !IS GROWING 
FASTER THAN HIS ASSOCIATES 


There are openings at Raytheon’s Semiconductor Division for scientists and 
engineers with semiconductor experience and a desire to find more room for 
personal and career growth. Opportunities exist in the following areas: 


Device Design and Development 
Material Development 
Mechanization 
Circuit Design 
Application Engineering 


You are invited to explore the advantages for yourself in associating with 


Raytheon’s Semiconductor Division. Write to Mr. Allen 
RAYTHEON MANUFACTURING COMPANY, Semicond 


150 California Street, Newton 58, Massachusetts. 


The place for the man who is growing faster... 


SEMICONDUCTOR DIVISION of 


S. Moorhead, 
uctor Division, 


Excellence in Electronics 


6 ; SEMICONDUCTOR PRODUCTS e APRIL 1959 


pe 


-moelectric effects 


Editorial... 


The Thermoelectric Effects 


The advent of semiconductors has reawakened in- 
terest in thermoelectric effects. Although known 
for more than one hundred years, these have had very 
little application because of their small magnitude in 
metals. 

The effects arise from dependence of the Fermi 
Level upon temperature and from thermodynamic 


properties of the free electron carriers when placed 


in a temperature gradient. Basically an emf (Seebeck 
effect) is generated in a conductor of semiconductor 
medium with a non-zero temperature gradient. This 


_ effect may actually be used to convert heat into elec- 


tric power and may be enhanced by using non- 
homogeneous media such as dissimilar conductors or 
semiconductors connected with their junctions at dif- 
ferent temperatures. The conversion efficiency is ex- 
tremely small in metals, but may approach 10% in the 


_ case of semiconductors. Such efficiency is proportional 


to the temperature gradient, to the ratio of thermo- 


electric power coefficient to the electrical resistivity, 


and to the thermal resistivity. Maximization of the 
conversion efficiency is not easy, because the thermo- 
electric power coefficient and the electrical resistivity 
tend to vary in the same direction, and similarly, in- 
creases of the thermal resistivity generally correspond 
to increases of the electrical resistivity. Present re- 
sults indicate that maximum efficiencies are obtained 
using very highly doped semiconductors. Of interest 
also, is the fact that the Seebeck emf is of opposite 
sign for p-type and n-type semiconductors. 

The inverse of the Seebeck effect (Peltier effect) is 
obtained when electric power is supplied to a thermo- 
electric circuit. As a result a temperature gradient is 
produced, and the corresponding cooling effect may 
reach 90°C below the temperature of the hot junction. 

Foreseen and partly realized applications of ther- 
are power generators, refrig- 
erators, special devices for the measurement of 
temperature, current, electric power, etc. As power 
generators, the thermoelectric units compete well with 
solar cells, batteries, etc., especially if used in con- 
junction with nuclear heat sources. As refrigerators, 
they are advantageous in special circumstances, 
where small size or inconvenient locations present 
special problems. A wide open field for applications 
of the thermoelectric effects is in the field of measure- 
ments. We predict that thermoelectricity will shortly 
play an important and substantial role in our econ- 
omy. 
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Transistorized Equipment May Reduce Highway 
Accidents 


A new proximity warning device is being tested 
by General Motors. Employing a transistorized trans- 
mitter and receiver, and using radar principles, it 
warns a driver when he is approaching an object in 
front of him at a dangerous rate of speed. Such a de- 
vice might be valuable in preventing highway acci- 
dents caused by drivers who are unaware of their 
danger. Devices, such as these, that contribute to 
safety on the highways are worthy of the fullest sup- 
port of everyone. 


Reprints of Articles 

As a service to our readers we are making available 
single reprints of any article appearing in SEMICON- 
DUCTOR PRODUCTS if a request for such a reprint 
is forwarded to us on company letterhead. Inasmuch 
as a limited number of reprints are published, it is 
suggested that requests be forwarded as soon as pos- 
sible. 


An Unusual Brochure 

Occasionally a device manufacturer makes avail- 
able a brochure which is at once interesting, instruc- 
tive and intriguing. Rarely is it indispensable. In our 
opinion all of these accolades may be used to describe 
the brochure entitled, ‘““Varactors” prepared by Dr. 
Arthur Uhlir, Jr., of Microwave Associates, Inc. We 
strongly recommend that engineers engaged in elec- 
tronic design obtain this booklet. Written in a clear 
vein, it describes the theory, characteristics, and the 
many applications of these semiconductor diode ca- 
pacitors. 


Omission 

The following corrected statement concerning the 
present affiliation of A. W. Carlson, author of the ar- 
ticle entitled “Transistor Switching Circuits” (Part I, 
January 1959; Part II, February 1959) was inad- 
vertently omitted in the byline: “This article is part 
of a project undertaken by Mr. Carlson. for CBS- 
Hytron, while a member of its semiconductor applica- 
tions engineering department, to produce a series of 
articles covering transistor parameters and circuitry 
and has been released by CBS-Hytron for publication 
in SEMICONDUCTOR PRODUCTS. Mr. Carlson is 
presently Director of Research for Transistor Appli- 
cations, Inc.” 


Samuel L. Marshall 


THE BEST 
SEMI- 
CONDUCTORS 
MADE.... 


ARE MADE 
ON KAHLE 
MACHINES 


KAHLE CRYSTAL GROWING 
MACHINES .. . featuring a single 
unit for temperature, timing, program- 
ming, and motor control...set new high- 


single billets of Germanium, Silicon, or 
related semiconductor crystals. Designed 
to function efficiently and economically 
with either RF or resistance-type heating 
systems, each machine is pre-tested . . . 
under actual operating conditions .. . 
prior to shipment. 


This machine is just one example of the 


full line of fine Kahle equipment for the 
production of semiconductors and elec- 
tron tubes. 


For detailed information, write to: 


GENERAL OFFICES: 
3316 Hudson Avenue, Union City, New Jersey 
LEADING DESIGNERS AND 
BUILDERS OF MACHINERY FOR 
THE ELECTRONIC INDUSTRY 
Circle No. 7 on Reader Service Card 
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}A’s new n-p-n silicon transistors offer significant reduc- 
ns in saturation resistance, and feature excellent beta stabil- 
-over the entire operating temperaturerange. These features 
sult from use of RCA’s advanced diffused-junction mesa 
shnique. These transistors are designed to meet stringent 
litary environmental, mechanical, and life test requirements. 
RCA silicon transistors offer the equipment designer a wide 
oice of power-switching capability in preferred industry 


CHARACTERISTICS 


At Case Temperature 


ABSOLUTE-MAXIMUM 
RATINGS 


Saturation Resistance DC Current Gain (Beta) 


(ohms) 


JEDEC Vceo {Collector} Dissip. #} - 
ype Outline (watts) |Typical | Max Conditions Typical} Min, Conditions 
11092 10-5 1 3 10 ic=200 ma. 20 10 l¢=200 ma 
11067 10-88 3 10 \c= 200 ma 35 15 Ic= 200 ma 
11068 10-88 1 2.67 !c=750 ma 38 15 lc=750 ma 
11069 10-3 0.7 Pd Ic=»1.5 amp 20 10 ic=1.5 amp 
11070 0.4 0.67 Ic= 2 tc= 1,5 amp 


10-3 
‘Heat-Sink"’ mounting clamp supplied. 
Collector-to-emitter breakdown voltage with base connected to emitter 


# At a case temperature of 100°C 


Somerville, N. J. 


® 
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Transistors 


...with excellent beta stability from —65°C to 175°C 
and exceptionally low saturation resistance! 


2N1092—medium power 
2N1067—intermediate power 
2N1068—intermediate power 
2N1069 —high power 
2N1070—high power 


At Case Temperature of 175°C 


OC Collector Cutoff Current (lego) 


Typical 


RADIO CORPORATION OF AMERICA 


Semiconductor & Materials Division 


BETA 


cases (JEDEC TO-3, TO-8, and TO-5). 

RCA SILICON TRANSISTORS are commercially avail- 
able in limited quantities. Your RCA Field Representative has 
complete information on these units and will be glad to dis- 
cuss with you other silicon transistors now under develop- 
ment. For technical data on the 2N1092, 2N1067, 2N1068, 
2N1069, and 2N1070, write RCA Commercial Engineering, 
Section! D-100-NN, Somerville, N. J. 


EAST: 744 Broad St., Newark, N.J., HUmboldt 5-3900 


NORTHEAST: 64 ''A"' Street, Needham Heights 94, Mass. 


an Hillcrest 4-7200 


lf RI ISL EAST CENTRAL: 714 New Center Bldg., Detroit 2, Mich. 
1000 Veg = 30 volts TRinity 5-5600 

1000 Vopo = 20 volts 

1000 =30 voils : . 

ch age ia CENTRAL: Suite 1154, Merchandise Mart Plaza 


2000 Chicago, III]. WHitehall 4-2900 


Vego = 30 volts 


WEST: 6355 E. Washington Blvd., Los Angeles, Calif. 


RAymond 3-8361 
GOV'T: 224 N. Wilkinson St., Dayton, Ohio 
BAldwin 6-2366 
1625 ‘'K'’ Street, N.W., Washington, D.C. 
District 7-1260 


Silicon transistors are also available at your 
Authorized RCA Semiconductor Distributor 
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AUDIO AMPLIFIER (CLASS A OR B) e AUDIO OSCILLATOR « POWER SWITCH 
TRANSISTOR DRIVER « SERVO CONTROL e RELAY DRIVER ¢ MOTOR CONTROL 


Slated to be the ‘“‘workhorse of the tran- 
sistor industry”, this new Bendix series 
consists of three models—each with a 
different voltage rating and .each in 
high-volume production. 

Contained in the JEDEC TO-9 pack- 
age, this tiny transistor dissipates 400 
mW of power at 25°C and 67 mW at 
75°C. The higher voltage rating and 
high current gain are combined with 
more linear current gain characteristics 
to enable switching applications and 
lower distortion output. Featuring low 
saturation resistance, the typical values 
are 1 ohm measured at 100 MA. The 
2N1008 series has a minimum current 
gain of 40 and a maximum of 150. 


Eliminating the internal connection be- 
tween transistor and case allows circuit 
isolation. Long life and stable operation 
are assured by welded construction and 
a vacuum-tight seal. 

ABSOLUTE MAXIMUM RATINGS 


Vce Ic Pc tb T Storage | Tj 
Vde |mAdc| mW |mAdc °¢ °C 


2N1008 | —20 | 300 | 400 | 30 | —65to +85 | 85 
2N1008A | —40 | 300 | 400 | 30 | —65to +85 | 85 
2n1008B | —60 | 300 | 400 | 30 | —65to +85 | 85 


Write today for the new Bendix Semi- 
conductor Catalog for more information 
on our complete line of power transistors, 
power rectifiers, and driver transistors. 
SEMICONDUCTOR PRODUCTS, BENDIX AVIA- 
TION CORPORATION, LONG BRANCH, N. J. 


West Coast Sales & Service: 117 E. Providencia Ave., Burbank, California « Midwest Sales Office: 4104 N. Harlem 

Ave., Chicago 34, Illinois * New England Sales Office: 4 Lloyd Rd., Tewksbury, Mass. ¢ Export Sales & Service: Bendix 

International Division, 205 E. 42nd St., New York 17, N.Y. © Canadian Affiliate: Computing Devices of Canada, Ltd., 
P.O. Box 508, Ottawa 4, Ontario. 


Fred Genk Division Wye 


AVIATION CORPORATION 
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PERSONNEL 
NOTES 


Charles W. Martel has been named Ad- 
vertising and Sales Promotion Manager 
for the Semiconductor Division of Ray- 
theon Manufacturing Company. In an- 
nouncing the appointment, Harvey Fini- 
son, division manager, said that Mr. 
Martel, whose office will be at 215 First 
Avenue, Needham Heights, Mass., would 
direct national advertising and sales pro- 
motion activities for Raytheon transistors, 
and semiconductor diodes and rectifiers. 
Mr. Martel was graduated from M.I.T. in 
1931 with a degree in physics. He is a 
senior member of the Institute of Radio 
Engineers, a member of the American In- 
stitute of Electrical Engineers, and a Lt. 
Colonel in the Air Force Reserve. 


Dr. Adolph Goetzberger, formerly semi- 
conductor physicist with Siemens & 
Halske, Munich, Germany has _ been 
named senior physicist for the Shockley 
Transistor Corporation. Announcement of 
the appointment was made by Dr. William 
Shockley, president of this subsidiary of 
Beckman Instruments, Inc. In his new 
post, Dr. Goetzberger will be concerned 
with the development of improved forms 
of semiconductor devices. 


Young Kim has returned to Allen B. 
Du Mont Laboratories to head the photo- 
emissive and solid-state devices section. 
Formerly a senior research engineer in 
the pioneer electronic firm’s advanced de- 
velopment laboratory, Mr. Kim acted as 
consultant and helped develop Du Mont 
equipment for the Office of Naval Re- 
search’s Army-Navy Instrumentation Pro- 
gram. Since joining Du Mont in 1956, he 
has been involved in flat display device 
projects, infra-red guidance and tracking 
systems, computer programming, and 
satellite vehicle reconnaissance. 


Mallory-Sharon Metals Corporation, 
Niles, Ohio, has named three engineering 
and product specialists to its process en- 
gineering group. They will assist Mallory- 
Sharon customers relative to extrusion, 
rolling, and tubular problems related to 
their use of special metals. Earl L. 
Richards, named a senior process engi- 
neer, has extensive experience in the field 
of zirconium technology and fabrication. 
Scotto N. Randall’s work will be devoted 
primarily to the development of special 
metals tubing. Roy E. Rohrabaugh, an 
extrusion specialist, will be working on 
development of special metals extrusion. 


Transitron Electronic Sales Corporation, 
Wakefield, Massachusetts, has opened a 
sales office in St. Paul. The office at 1821 
University Avenue, will be managed by 
Mr. William F. Harrison. Mr. Harrison 
was formerly with Remington-Rand and 
has wide experience in the field of elec- 
tronics. The opening of this new branch 
Transitron officials state, reflects increased 
sales activity and further expansion in 
the Mid-Western market. 


Four _ assistant managers have been 
named in the Research division of Ray- 
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#) theon. Hugh R. Boyd, technical assistant 
’ to the division manager and acting ad- 
7 ministrative manager for the past five 
' years, will be responsible for administra- 
/4ion. Dr. Luther Davis, Jr., manager of 
the Solid State Physics group for the past 
> six years, will be responsible for planning 
9) and coordinating the current program. 
’ Dr. Walter F. Leverton, manager of the 
Physical Electronics group for the past 
» six years, will be responsible for trans- 
‘iferring research results into operating 
¥ division products. Dr. Hermann Statz, 
* manager of the Theoretical Physics group 
+ for the past six years, will be responsible 
“} for keeping abreast of world-wide scien- 
) tific developments and trends and recom- 
mending new projects when indicated. 


Elby D. Martin and Harry L. Anderson 
+have been named Military Relations 
+) Engineers for Semiconductor-Components 
division of Texas Instruments. From 
* headquarters in TI’s new Western Region 
®, office at 9033 Wilshire Blvd., Beverly Hills, 
Calif., Mr. Martin will provide engineer- 
ing assistance to military procurement 
agencies in the western states. Mr. Ander- 
- son will provide engineering service to 
military agencies in the Huntsville-Tulla- 
homa area from his office in the Hutchens 
) Building, Huntsville, Alabama. 


William H. Hall has been named 
manager of marketing for General Elec- 
tric’s newly organized rectifier compo- 
nents product section of the Semiconduc- 
tor Products Department. Mr. Hall’s office 
will be at the section’s headquarters in 
Syracuse, N. Y. Mr. Hall will direct and 
be responsible for all marketing activities 
of General Electric’s component rectifier 
business. 


Charles A. Moore has been named engi- 
neering field representative and applica- 
tions engineer on the sales staff of F. W. 
Sickles Division of General Instrument 
Corporaiton located at Chicopee, Mass. An 
engineering graduate of Tri-State College, 
Angola, Indiana, Mr. Moore served in th> 
Air Force from 1944-1946 during whica 
time he was assigned to special electronics 
research projects. 


The appointment of Arthur L. Wann- 
lund, Jr. as Director of Device Engineer- 
ing was announced by Dr. D. M. Van 
Winkle, Vice President and Technical Di- 
rector of Continental Device Corporation. 
Mr. Wannlund was formerly head of de- 
vice research in the Semiconductor Divi- 
sion of Hughes Aircraft Company where 
his most recent work was concerned with 
the development and instrumentation of 
new silicon transistor. 


Transitron Electronic Sales Corporation 
of Wakefield, Mass., broadened their West 
- Coast activity with the opening of a sales 
office in Hollywood. The office at 6362 
Hollywood Blvd., will make available the 
services of field engineers William B. 
Cornelius, Robert J. Bertrand, Richard L. 
Larson, and Robert A. Styles. All have 
excellent experience in the field of semi- 
conductors. 


Philco Corporations’ Lansdale Tube 
Company division has announced key 
appointments to handle its expanding 
transistor operations. John M. Palmer 
has been named manager of semiconduc- 
tor operations; Otto G. Honzl, manager of 
quality control; Stuart L. Parsons, director 
of equipment development; Clarence G. 
Thornton, director of semi-conductor de- 
velopment; and Robert F. Lake, manager 
of industrial engineering. 
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Showing the KDH-130, with free air displace- 
ment of 130 cfm, superimposed upon the silhou- 
ette of a KD-110, with free air displacement of 
110 cfm. This illustrates how KINNEY horizon- 
tal design gives you more ina smaller package. 


ANCE 


‘HIGH VACUUM 


It's not miniaturization — but there are important savings in 
bulk and height in the famous horizontal design of KINNEY 
KDH Series Single Stage Duplex High Vacuum Pumps. The 
objective of this development program aims for practical 
economies, smooth operation and greater performance for 
your dollars. You'll like the result... the flexibility it provides 
in designing your system, the simplification in plumbing and 
the smooth efficient performance of these KINNEY Pumps. 
The following table gives you a picture of the KINNEY line of 
Single Stage Duplex Pumps and the broad selection it affords: 


Disp. H Approx. 
Model : C.F.M. Motor Wt. 

KD-30 30 \ 
KDH-65 new 65 3 - ay0n 
KDH-80 new 80 5 590# 
KDH-130 131 5 8404 
KDH-150 new 150 7¥2 1055# 
KDH-220 218 10 2100# 
KD-310 shit is 3400# 
KDH.530 new 632 oe 43808 
KD-780 780 40 6700 
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Pumps with Engineering charts. 
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Explore new areas 
at IBM in 


The IBM solid state program ranges from basic research to 
product development. In order to develop new laminar 
materials for overlaying solids, IBM is studying the be- 
havior of molecules adhering to a surface in an ordered array. 
Other projects involve a new ferrite core which will function 
normally at 500°C. and a one-million bit magnetic memory 
drum weighing only five pounds. Assignments are now 
available in such related areas as circuit design, cryogenics, 
inertial guidance, logic, magnetics, optics, radar, semi- 
conductors, and transistors. 

A career with IBM offers excellent advancement opportuni- 
ties and rewards. You will enjoy professional freedom. 
Comprehensive education programs are available as well as 
the assistance of specialists of diverse disciplines. Working 
independently or with a small team, your contributions are 
quickly recognized. This is a unique opportunity for a career 
with a company that has an outstanding growth record. 


Qualifications: B.S., M.S., or Ph.D. in E.E., M.E., Physics, 
Mathematics, or Physical Chemistry—and proven ability to 
assume a high degree of technical responsibility in your 
sphere of interest. 


For details, write, outlining background and interests, to: 


Mr. R. E. Rodgers, Dept. 682 D 
IBM Corporation 

590 Madison Avenue 

New York 22, N. Y. 


IBM. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 


Stanley F. Molner has been appointed 


Senior Applications Engineer by Epsco- | 
West, according to an announcement by ' 
W. E. Rianda, general manager of the 


Anaheim, California electronic systems 
and data handling firm. Mr. Molner wili 
specialize in applications engineering ot 
special purpose digital computers, air- 
borne pulse code modulation systems, all 
types of ground telemetering stations, and 
large scale missile and aircraft checkout 
systems in the new post. 


The W. L. Maxson Corporation an- 
nounces the appointment of Mr. S. Paul 
Shackleton as Staff Scientist in the Re- 
search and Development Division. Mr. 


Shackleton as Staff Scientist in the Re- | 


design planning of radar and communi- 
cations systems. Mr. Shackleton was, for 
forty-one years, in the Bell System, first 
in Engineering and then in Development 
and Research with the American Tele- 
phone and Telegraph Company. 


Thomas H. Morrin, director of engineer- 
ing research at Stanford Research Insti- 
tute, announced two _ organizational 
changes. A new unit, the communications 
and propagation laboratory, has been es- 
tablished with Dr. Allen M. Peterson as 
manager, and Dr. F. J. Kamphoefner has 
been appointed manager of the control 
systems laboratory. A specialist in indus- 
trial instrumentation and control prob- 
lems, Dr. Kamphoefner has been with 
SRI since 1949. Concurrent with his SRI 
duties, Dr. Peterson is a member of the 
Stanford University faculty. 


The appointment of Dr. Marvin G. Brit- 
ton as development manager of the New 
Products Division of Corning Glass Works 
was announced by Division Manager 
Forrest E. Behm. Dr. Britton has been 
with the company for nine years, working 
primarily in the field of refractory de- 
velopment. He has most recently been 
with the Ceramic Research Dept. as a 
senior research associate. 


Appointment of Paul Mariotti as appli- 
cations engineer is announced by H. A. 
Finke, general manager of Polytechnic 
Research and Development Co., Inc., 
Brooklyn, New York. For the past 16 
years, Mr. Mariotti headed the Electro- 
mechanical Design Group on Microwave 
Test Equipment at the Microwave Re- 
search Institute of the Polytechnic Insti- 
tute of Brooklyn. 


Thomas D. Hinkelman has been ap- 
pointed Manager of Product Planning and 
Market Research, according to an an- 
nouncement from R. H. Rudolph, Man- 
ager of Marketing for the Motorola Semi- 
conductor Products Division. In his new 
capacity, Mr. Hinkelman will be respon- 
sible for planning future transistor prod- 
ucts of the company, and the technical 
competitiveness of current products. 
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National Society for 
Crippled Children and Adults 
2023 W. Ogden Ave. 
Chicago 12, Ill. 
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Minute instruments in the nose cones of American 
space explorers record vital phenomena beyond the pull 
of earth’s gravity. The phenomena: the unknowns of 
outer space including bands of radiation, cosmic rays, 
temperatures, etc. The data recorders: complex elec- 
tronic devices packed with transistors, diodes, rectifiers 
and other subminiature signal transmitters. 

It wasn’t possible ten years ago. It wouldn’t be 
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SILICON 


(ultra-high-purity) 


possible today if it weren’t for ultra-high-purity 
silicon. Purity such as is produced by the Pechiney 
process used in the manufacture of Grace Silicon. 

May we suggest that wherever silicon of top quality 
is required—for semiconductor devices in research, 
military, industrial and entertainment uses—call or 
write GRACE ELECTRONIC CHEMICALS, INc., PL 2-7699, 
101 N. Charles Street in Baltimore. 


GRACE ELECTRONIC CHEMICALS, INC. 
er 101 N. Charles St., Baltimore, Maryland 
\ Subsidiary of W. R. Grace & Co. 
Circle No. 10 on Reader Service Card 
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SAS o. 


LEARN SEMICONDUCTOR | 
ELECTRONICS AT HOME 


GAIN VALUABLE, COMPREHENSIVE 
LEARN BY KNOWLEDGE FROM BASIC THEORY 
DOING WITH THROUGH ALL IMPORTANT APPLI- 
THIS COMPLETE CATIONS WITH THE MOST COMPLETE 


TRAINING AND AUTHORITATIVE CORRESPOND- 
ie ENCE COURSE ON TRANSISTORS 
KIT EVER OFFERED. 


Learn Theory, Construction and all im- 
portant applications of all major types of 
transistors—Junction, Point Contact, Surface 
Barrier and many related types—with this 
Get practical experience, learn faster advanced correspondence course specially 
and easier. Conduct 18 experiments developed for engineers and experienced 
with this complete training kit which technicians now engaged in Design, Instal- 
Fe onclidled sonith eheecourem nada lation, Maintenance and Manufacture of 
Amplifiers, Oscillacoes; ifuleivibes- | °° °° omnes Can Eevee 

tors, Pulse Circuits, AM Receivers, as 

well as Computer Circuits such as SPECIALLY DEVELOPED AND PRE- 
“And”, “Or” and “‘Carry’’. PARED BY THE PHILCO TECHNO- 
LOGICAL CENTER FOR PRACTICAL 
WORKING KNOWLEDGE. 


RADAR AND 
COMPUTER COURSES 
ALSO AVAILABLE 


Basic Radar 
“Principles of Radar Circuits 
and Equipment.” 


Advanced Radar 
“Radar Systems Principles and 
Practices.” 


Basic Analog Computers 


“Introductory Course.” SEMICONDUCTOR ELECTRONICS Acquire a thorough and practical working 
Advanced Analog Computers led f i d f; hi 
eheulog Goinelic Systeme? ik) GROWING RAPIDLY . ee res Be a eee ae 


course specially developed for industrial and 

Automatic Digital Computers field engineering applications by the Philco 
one taiags te Complets KNOWLEDGE IN THIS FIELD Technological Center, a department of the 
; IS VALUABLE TO YOU ! Philco TechRep Division which has trained 


many thousands of electronics specialists 
for armed forces, government and industry 
all over the world ...and knows not only 
the field itself, but knows from working ex- 
perience what type of training is best for you. 


Mail Coupon Today for 
Detailed Information of Course 


Level and Material/s / 
(NO OBLIGATION) 


AUTHORITATIVE TEXTBOOK PLUS 
HUNDREDS OF PAGES OF MATERIALS 
NEVER BEFORE OFFERED. 


THE PHILCO TECHNOLOGICAL CENTER 


22nd and Lehigh Ave., Phil i : TC-18 i itati i 

yet eae adelphia 32, Pa Learn easily from authoritative subject mat- 
Please send detailed course information on the courses which | have checked below. tefers = presented in a practical easy-to- 
Tiel " A Ae ? 
| SEMICONDUCTORS— "Transistor Principles and Practices” understand manner . . profusely illustrated 


| | BASIC RADAR—"Principles of Radar Circuits and Equipment” 

ADVANCED RADAR—"Radar Systems Principles and Practices” 

BASIC ANALOG COMPUTERS— "Introduction to Analog Computers” 
ADVANCED ANALOG COMPUTERS—"Analog Computer Systems” 
AUTOMATIC DIGITAL COMPUTERS—"Basic Theory to Complete Systems” 


with pictures, graphs and drawings. 


: PHILCO 
NAME vir TECHNOLOGICAL 


race CENTER 


22nd and Lehigh Ave. 
N Philadelphia 32, Pa. 


HH SPOSITION 


ADDRESS_ 
CITY 
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Industry News 


A new firm, Allegheny Electronic Chemicals Co., has 
been formed for the production of silicon in all forms for 
the semiconductor industry, according to a joint an- 
nouncement by Norman J. Egli, manager of sales and 
Thayer Rudd, plant manager, for the firm. Production has 
started at the firm’s Bradford, Pennsylvania plant, and 
deliveries to customers are currently being made. Silicon 
will be available in a wide variety of forms including 
needles, densified chunks, densified rods, single crystals 
(both Czochralski and float zoned), rough cut and lapped 
single crystal slices, seeds and master doping alloys. A 
subsidiary of The Baugh Chemical Company and Baugh 
and Sons Company, Baltimore, Maryland, the firm main- 
tains its production facilities at Lewis Run near Brad- 
ford, Pennsylvania. The forty acre plant site was chosen 
because of the area’s high degree of air purity which is 
helpful to the production of high-grade clean electronic 
chemicals. Air used in the production and laboratory 
buildings, however, is completely purified as it is drawn 
in from outside. The bulk polycrystalline silicon produced 
by the chemical portion of the plant is of exceptional 
uniformity, in the range of 100 to 300 ohm-centimeter 
resistivity. 


A Solid State Materials Laboratory has been organized 
as part of the recently established Solid State Electronics 
Department at Motorola’s Phoenix, Arizona location. 
Staffed with recognized experts in the field, and directed 
by D. L. Fresh, this laboratory provides an immediate 
capability for research, development and manufacture of 
Solid State Ceramic Materials. Already equipped with 
the most modern instrumentation, the laboratory cur- 
rently occupies approximately 4,500 square feet in the 
Motorola Research building. This space can be increased 
as the need arises. 


Bradley Semiconductor Corporation has moved into 
new headquarters, merging under one roof the produc- 
tion operations which were formerly divided between 
two separate plants in downtown New Haven, Conn. The 
general Bradley line of selenium and copper oxide recti- 
fiers, modulators and arc suppressors has for a number 
of years been manufactured at the company’s former 
main building, while the newly-introduced “Redtop”’ sili- 
con diode has been coming from a nearby subsidiary 
plant. The new building has been designed to the com- 
pany’s specific needs, and comprises 30,000 square feet 
on one level, ample for the company’s present 160 pro- 
duction personnel. 


Because of the response to the first High Temperature 
Symposium held in Berkeley, California, three years ago, 
Stanford Research Institute, Menlo Park, Cal., is spon- 
soring a second meeting October 6-9, 1959. Since 1956 
there has been a series of significant technical develop- 
ments in fields depending on high temperatures. The 1959 
symposium will be expanded to include representatives 
from abroad who will describe recent important develop- 
ments in high-temperature technology in their countries. 
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1958 was the most successful year in the history of 
Texas Instruments Incorporated with sales 37% higher 
and earnings after taxes 60% greater than in 1957, the 
best previous year, Chairman of the Board J. E. Jonsson 
and President P. E. Haggerty state in the company’s 
annual report mailed to stockholders. TI’s new 310,000 
sq ft Semiconductor-Components division plant was com- 
pleted and brought into production early in the year 
and a 192,000 addition to the structure was started early 
in 1959. Construction of an 87,000 sq ft building to house 
the Central Research Laboratory was started in 1958 and 
is scheduled for completion at mid-year 1959. Both build- 
ings are located on TI’s 300-acre site in North Dallas. 
Also during 1959, construction is due to get under way on 
an additional plant of more than 100,000 sq ft for Texas 
Instruments Limited at Bedford, England, with occupancy 
scheduled for 1960. 


Dr. Mervin J. Kelly, chairman of the board of directors 
of Bell Telephone Laboratories, retired on March 1, after 
41 years of scientific and administrative service with the 
Bell Telephone System. One of the nation’s leaders in 
the field of industrial research, Dr. Kelly began his Bell 
System career in 1918 as a research physicist with the 
research division of the Western Electric Company’s en- 
gineering department. This department was later incor- 
porated as Bell Telephone Laboratories. To honor Dr. 
Kelly on the occasion of his retirement the American 
Institute of Electrical Engineers and Bell Telephone Labo- 
ratories have announced the establishment of an annual 
award for achievement in the field of telecommunications, 
to be known as the Mervin J. Kelly Award. The first 
Award will be made in 1960. It will consist of a bronze 
medal, a cash stipend of $1,000, and a certificate. 


A significant advancement in improved communication 
systems for man-made satellites has been achieved in 
the Philco research laboratories. In a paper presented 
at a two-day Solid-State Circuits Conference held at the 
University of Pennsylvania, Mario Fortini of the Philco 
Solid-State Electronics staff and Juri Vilms also of Philco 
and Drexel Institute of Technology revealed that an all- 
semiconductor (tubeless) 2000-megacycle source of micro- 
wave power is now a reality. This source of microwave 
power would enable future U.S. satellites to transmit in 
the desirable 1000-2000 megacycle range without increas- 
ing weight or size requirements. 


A call for papers for the Fifteenth Annual National 
Electronics Conference has been issued by M. E. Van 
Valkenburg, NEC program chairman. The NEC, scheduled 
for October 12 through 14, 1959 at the Hotel Sherman, Chi- 
cago, will consider papers reporting research and develop- 
ment results not previously published in the following 
fields: adaptive servomechanisms, antennas and propaga- 
tion, audio, circuit theory, communication systems, com- 
puters, information theory, instrumentation and telemetry, 
masers, microminiaturization, microwaves, millimeter 
waves, parametric amplifiers, plasma research, radar and 
radio navigation, servomechanisms, signal matched filters, 
solid-state circuits, solid-state devices and materials, 
space electronics, communication and navigation, tele- 
vision, transistors and value engineering. Abstracts, no 
longer than 200 words, must be received by May 1. 
They should include title, author, and author affiliation. 
Ten copies of the abstract should be sent to M. E. Van 
Valkenburg, Electrical Engineering Department, Univer- 
sity of Illinois, Urbana, Illinois. Completed manuscripts 
of accepted papers will be required by September 8, 1959. 
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Machining often 
contaminates the 
graphite... 


... which in turn 
contaminates your 


Ge or Si... 


--. but this is 
avoided by United’s 
post-purifying 
technique... 


... SO we can 
guarantee both 
tolerances and 
purity! 


Please send me your free brochure 
“Graphite for Semiconductor Processing” 
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Does a Crystal’s Performance 


Depend on Who Shapes 


Your Graphite? 


yhE 


“Offhand, it seems remote to blame a faulty semi-conductor on 


‘the machine-shop that shapes your graphite parts. Yet it isn’t 
‘remote at all. The relationship becomes obvious when you 


think of all the close contact between your crystal metals and 
the graphite during processing. 


Any impurities picked up by the graphite from machining can 
contaminate your germanium or silicon. And any failure to 
hold critical tolerances on graphite jigs and fixtures can result 
in faulty assembly of components. You should, therefore, be 
extremely careful about who machines this graphite for you. 


The way to guarantee yourself of the utmost purity and accur- 
acy in these parts is to order graphite shapes from United. 
Because United first machines the parts to precise tolerances, 
then purifies them through the famous “F” process developed 
by United and used by the AEC. This reduces contaminants 
to near-zero. Our experience with graphite machining, coupled 
with our purification procedure, allows us to actually guarantee 
both workmanship and ultra purity. And United, of course, is 
the kind of solid, stable company that can afford to make 
such a guarantee. 


In addition, we possess splendid R&D and technical service 
facilities that are always available to you, and we have never 
yet failed a customer on “crash” delivery schedules. Why don’t 
you write us now, outlining your needs? 
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An Analysis of Impurity Distributions and Their 


Relation to Electrical Behavior of Conventional 


Transistor Constructions 


DRS. PETER KAUFMANN* and GEORGE FREEDMAN** 


PART 1 


: This article attempts to relate the electrical performance of transistors to the bulk 
impurity variations inherent in their construction. An “ideal” or “most versatile” impurity 
distribution is hypothesized which satisfies most transistor applications. Ten real distribu- 
tions of the most common types are calculated and are related to the ideal one. All 
distributions of impurities are shown to be consistent with the metallurgical phenomena 
(diffusion and alloy segregation) which must necessarily produce them. These impurity 
distributions are derived directly from the mathematical relations which describe the 


metallurgical phenomena. 


manufacture is that of producing devices con- 

sistently within specified narrow spreads of 
electrical performance. Tight limits on performance 
quality can be achieved only by careful design of the 
device on both the gross and atomic levels and by care- 
ful monitoring of the manufacturing processes. These 
include the now familiar procedures of wafer-making, 
etching, lead attachment, surface treatment, junction 
formation, packaging, etc. Perhaps the most important 
single variable, however, is that of producing a de- 
sired impurity distribution in single-crystal chips of 
semiconductor material. 

Impurity gradients in transistors exist as a result 
of metallurgical phenomena. These gradients are 
either deliberately employed by transistor designers 
and fabricators to achieve desired electrical perform- 
ance, or they are tolerated and compromises are made 
as unavoidable accompaniments of the manufacturing 
processes. In any case, impurity distribution varia- 
tion is largely responsible for spreads in electrical 
performance encountered in transistor manufacture 
on the one hand, and the preference of the user for 
type “A” over type “B,” on the other. 

This article will attempt to analyze the reasons for 
differences in transistor performance, as they exist in 
presently available units, as a function of impurity 
distribution factors. All other design features such as 
base rings, extent of junction area, etc. will be con- 
sidered outside of its scope. The article will confine 
itself to the most common transistor types, such as 
germanium or silicon n-p-n or p-n-p devices. 


() = OF THE MAJOR problems in transistor 


*Formerly Group Leader, Physics Group, Advanced Develop- 
ment Laboratory, Semiconductor Division, Raytheon Mfg. Co. 
Now at Swiss Federal Institute of Technology, Dept. of Ad- 
vanced Electronics, Zurich, Switzerland. 


**Chief Development Engineer, Advanced Development Lab- 
oratory, Semiconductor Division, Raytheon Mfg. Co. 
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Design Concepts 


The logical starting point in transistor design is the 
end use of the device. Transistors may be qualitatively 
classified with respect to purpose as follows: 

1. Power 
(a) low 
(b) medium 
(c) high 
2. Frequency 
(a) low 
(b) medium 
(c) high 
3. Circuit 
(a) video and audio amplifiers 
(b) tuned amplifiers and oscillators 
(c) switches 

The 27 combinations which follow from this classi- 
fication cover most of the uses of transistors either 
actual or contemplated at this time (these combina- 
tions are made from the three different main cate- 
gories, for example, “low-power, low-frequency audio 
amplifiers”) . 

While each circuit may demand its own variations 
in transistor construction, it must be pointed out that 
not all of these are necessarily dependent on differ- 
ences in impurity distribution in the semiconductor. 
Thus, in a one-dimensional unit-element encompass- 
ing emitter, base, and collector (as shown in Figs. 
2-12), the ideal impurity distributions for a high-power 
audio amplifier and a low-power video amplifier 
could well be identical. Differences in other fea- 
tures, however, might be considerable, e.g., size, pack- 
age, contacts, geometry, etc. Indeed, for a majority of 
circuit purposes, experimentation with a large num- 
ber of different impurity distributions would not be 
necessary if only a single “ideal” distribution could be 
attained which satisfies a great variety of require- 
ments. 


Ly 


TRANSISTOR PERFORMANCE PARAMETERS AS FUNCTION OF IMPURITY 
DISTRIBUTIONS IN DIFFERENT STRUCTURAL ZONES 


ELECTRICAL 


PARAMETERS Ve 


FINAL GRADIENT SELECTED 
(see figure |) 


DESIRED PARAMETER 
LEVEL SUITABLE FOR 


THE FIVE 
TRANSISTOR 
STRUCTURAL 
ZONES 


EMITTER 


VERY HIGH 
DOPING LEVEL 


EMITTER TO-BASE STEP 


TRANSITION ZONE JUNCTION 


BASE-TO-COLLECTOR 
TRANSITION ZONE 


LOW AT EMIT- 
LOW NEAR | HIGH AT EMITTER 

BASE TER, VERY LOW 
AT COLLECTOR je COLLECTOR |LOWAT COLLECTOR 


COLLECTOR 


* A DASHINDICATES THAT THE IMPURITY DISTRIBUTION 1S NOT IMPORTANT 
FOR THAT PARAMETER 
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TABLE | 


Such a distribution in a transistor may be hypothe- 
sized (Fig. 1) on the basis of Table I which summa- 
rizes the qualities desirable for most of the 27 end 
uses mentioned, together with the dependence of these 
qualities upon impurity arrangements in different 
portions of the emitter, base and collector regions. 

Table I results from well known design facts, [1] 
[9] [10] [85], which can be adequately considered in 
a qualitative manner.!:? Thus: 

1. 4;, is high when: [16] [31] [43] [22] 

(a) emitter efficiency is high 

(b) base width is small 

(c) there is an aiding field in the base region 
due to an impurity gradient 

2. Ty extr. is low when base doping is high. [26] 

3. C, is low when the base-to-collector transition 

zone is gradual. [11] [17] 
4. fa» is high when: [22] [30] [36] 
(a) base-width is small 
(b) there is an aiding field in the base region 
due to an impurity gradient 
9. V, is high if base doping is high, at least in some 
portion of the base, [33]. 
6. BV oz is high if base doping is low. [12] [25] 
7. Vgar is low if: [13] 
(a) oye is high 
(b) a,, is high 
(c) collector and emitter series resistances 
are low 


‘Table I is considered significant only if the geometry and such 
physical parameters as lifetime, mobility, etc. are considered 
the same for all approaches. 


*For meaning of symbols, see “List of Symbols.” 
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Collector 


RELATIVE IMPURITY DISTRIBUTION 


Le) .25 .50 és) 1.0 
RELATIVE DISTANCE FROM SURFACE 


The base region is graded to allow high avalanche breakdown. 
The emitter and collector are very heavily doped.. An intrinsic 
region connects base and collector. The basegrading function 
[17] may be expressed as Ny — ING) = (Oh, ee8 6 


Fig. 1—Ideal transistor profile. 
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8. Vnin (the minimum voltage required in an in- 
trinsic region) is low if, [11] [21], the “intrinsic” 
region is extremely pure and thin. 

The “ideal” or “most versatile” impurity arrange- 

ment (Fig. 1) which results from these considerations 

is built up section by section as indicated in bold lines 
in the last column of Table I. Some parts of the pro- 
file are necessarily the result of compromise, where 
¥ different effects oppose each other. Here the authors 
have exercised their judgment as to which choice to 
make. It should be noted that the base gradient does 
not have the same shape as the commonly encountered 
error function complement, but rather approximates 

a 1/x variation, [17], in order to optimize BV o,. 

In the opinion of the writers, the design shown in 
Fig. 1, when considered from the point of view of im- 
purity profile alone, meets more performance criteria 
than any other. It is at the same time a structure 
which is realizeable with known metallurgical phe- 
nomena although difficult to achieve precisely be- 
cause of the unusual base grading. 

The questions to be raised now are: 

1. How do the impurity profiles of the available 
and the ideal transistors relate to known metal- 
lurgical phenomena? 

2. What are the limitations or advantages of the 
devices which deviate from the ideal distribu- 
tion? 

3. How closely do the various impurity profiles 
used today approach this ideal impurity distri- 
bution? 


— 


Transistor Metallurgy 


Essentially, there are only two basic physical phe- 
nomena that are used for junction formation, [7] 
[19] [28] [41], and creation of impurity distributions. 
This is because practical semiconductor devices are 
alloys, which are conventionally made either by the 
melting and freezing-in of impurities, or by the dif- 
fusion of impurities into or out of the semiconductor. 

Freezing-in is a directional process in which one 
region of the melt starts to solidify, and proceeds 
until the melt is completely frozen. In the course of 
this process, the amount of impurity retained in solid 
solution varies in accordance with the segregation 
principle® 

N(a)j=k No — gy) (1) 

where: 

N(x) is the impurity density at any distance 
x, 
N, is the original concentration of solute in 
the liquid, 
k represents the segregation coefficient* 
(ratio of impurity concentration in the solid 
to that in the liquid, [7] [8] [15], at the in- 
terface), and 
g is the fraction of the original volume which 


has solidified. 
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The segregation principle is used in crystal grow- 
ing, zone refining, the alloying process of the fusion 
alloy transistor, the meltback transistor, etc. 

Diffusion, [2] [20], is also a directional process, in 
which impurity atoms move in the direction of lower 
concentration. This process may occur for any com- 
bination of states of matter such as vapor, liquid, or 
solid into or out of the semiconductor. For one dimen- 
sion the diffusion principle is described by the dif- 
fusion equation: 


6N ad D 6N (2) 
ot 6x 6x 
where, 
N = the impurity concentration at distance x 
and time t. 


D — the diffusion coefficient (a function of 
temperature). [7] [8] [15] 

With proper programming of temperature, impurity 
reservoir, etc., a great variety of impurity gradients 
can be achieved. However, most of the ten basic tran- 
sistor constructions described in the following text 
make very little use of complex programming. 

In the case most frequently encountered in transis- 
tor fabrication i.e. a constant impurity concentration 
at the diffusing interface at a single diffusion tempera- 
ture, a solution of the diffusion equation is the well- 
known complementary error function: 


|| 
Na) = N, erfe{ ——— 3 
(x) f (. a (3) 
where N, is the reservoir impurity concentration at 
the interface and x is the distance from the interface. 
This law applies to the cases of diffusion into solid 
from either vapor or liquid reservoirs. 

In the case of “bulk diffusion” (solid into solid), an 
effective’ concentration, N,, at the interface is as- 
sumed. This solution (4) of the diffusion equation then 
includes the loss of impurities from the reservoir. 


a af — (a) 
2 20/ Dt 

where x is measured from the interface and the di- 
rection of lower concentration is considered positive. 


N(x) = 


Ten Important Impurity Profiles 


Impurity distributions for available transistors may 


“This form of the law assumes that no addition of solvent or 
solute oceurs during the solidification process. Where such ad- 
dition does occur (as in the grown transistor), the proper 
boundary conditions must be introduced in order that the 
proper segregation law may be derived. 


‘The segregation coefficient depends upon the amount of solute 
present and upon the freezing speed. It approximates unity for 
all alloys if the freezing speed is faster than the solute diffusion 
rate in the liquid state. 


*The effective concentration is assumed to be the average of 
the reservoir concentration and the concentration of the semi- 
conductor prior to diffusion. 
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be described by using basic equations (1) and (2). 
These distributions are built up by applying suitable 
solutions of the pertinent equations to each processing 
step in the device fabrication. Where necessary, inter- 
actions of effects are considered. Mathematical repre- 
sentations of the process steps are given in the legends 
for these figures. Impurity profiles (Figs. 2 through 
12) for actual emitter-base-collector elements are pre- 
sented in patterns as nearly similar as possible in 
order that meaningful conceptual comparisons may be 
made. All distributions are given in three parts—the 
donor impurities (Np), acceptor impurities (N4), and 
the resultant of donors and acceptors. Linear scales 
are used whenever possible since the distribution dif- 
ferences show most realistically when this is done. 

A typical mechanical construction illustration is 
presented with each profile in order to locate, within 
the “real” transistor, the one-dimensional element de- 
scribed. Liberties are taken with scales throughout in 
order to confine all information to a single illustration 
for each case. An important consideration here is 
that all curves and sketches are quantitive as calcu- 
lated from the two metallurgical relations, and points 
picked from the curves have real meaning for actual 
transistor structures, if suitable allowance is made for 
second-order manufacturing effects and non-equilib- 
rium conditions. In general, these effects seem to have 
only small influence since the electrical performance 
of most transistors is as predicted from these impurity 
distributions. 

Actual transistors (germanium or silicon of either 
n-p-n or p-n-p types) are presented in the profiles. 
As far as can be ascertained, the impurities indicated 
as doping materials are the ones in actual use. This is 
important since diffusion constants and segregation 
factors vary greatly for each impurity-semiconductor 
combination. The constants, formulas, assumptions, 
etc. on which the profile calculations are based are in- 
dicated in the legends accompanying each figure. The 
potential electrical performance for each profile is 
summarized in Table II at the conclusion of part 2. 

The constructions to be discussed may be classified 
by those manufacturing techniques which make use 
of the two metallurgical principles. 

Only the distinctive metallurgical and electrical 
features of the different devices will be discussed in 
the following paragraphs. 


A. Fusion-alloy [23] [38] 


This transistor, using only the segregation principle, 
is shown in Fig. 2. The assumed segregation constant 
for indium, k = 0.001, is probably too high since it ap- 
plies only when a very small percentage of indium is 
present. The value of emitter and collector doping is 
higher by a factor of 6, than Seed’s [34] experimental 
results. Calculation of the impurity diffusion that 
takes place during the firing of such a unit shows that 
the transitions from emitter and collector to base are 
so abrupt as to be effectively completed within a dis- 
tance of about 100 atom layers. Such a step junction 
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Metal collector ohmic 
connection 


base lead 


Metal emitter ohmic 
connection 


1.6x10°° 


collector lead 


emitter lead 
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Processing assumptions: 
Bulk impurity concentration: Np: = 2 X 10% atoms/cm# 
Simultaneous alloying of dots containing acceptor impurity 
(indium) 
Interface concentration (dot molten): N41, = 2.6 * 10” 
atoms/cm? 
Firing temperature: 700 °C. 
Firing time: to equilibrium 


ja| — = 
W regrown 
Acceptor density (simple freezing): N41 = k Nai, (1—g)"~ 


Segregation coefficient: k = 0.001 
Donor density: N pi = constant 


Calculation assumptions: 


Cylindrical dots (« = 


Resultant profile: 
Non+Na 


Fig. 2—Fusion-alloy transistor. (p-n-p germanium) 


is ideal for optimizing emitter efficiency. On the other 
hand, it causes collector capacitance per unit area to 
be high.® 

B. Diffused Emitter and Collector [27] 

A transistor very similar to the fusion-alloy unit, 
but using only the diffusion principle, is pictured in 
Fig. 3. In the interest of emitter efficiency’ and trans- 
port factor,® it is desirable to have the emitter junction 


“The micro-alloy transistor is a fusion alloy type. It differs from 
Fig. 2 only in that the regrown regions are very thin. 


"The profile dependence of emitter efficiency is determined by 
the ratio of the number of impurities in the emitter region 


(within one minority carrier diffusion length) to the number 
in the base region. 


‘The opposing field in the base region, created by the positive 
impurity gradient near the emitter junction reduces the car- 
rier velocity. Therefore, recombination in the base region in- 


creases and the transport factor and high frequency response 
are lowered. 


SEMICONDUCTOR PRODUCTS e APRIL 1959 


as abrupt as possible. Since surface concentration is 
‘limited by the metallurgical properties of the doping 
alloy, such an abrupt junction is possible only if the 
emitter penetration is relatively shallow. 

A noteworthy electrical feature of both the fusion- 
alloy transistor and the unit which has been diffused 
from both sides is the low saturation resistance made 
possible by their potential impurity symmetry. 

The preceding two types make exclusive use of the 
| segregation and diffusion principles respectively with 

_ these processes taking place on both sides of the orig- 


Metal collector ohmic 


connection 


Bose lead 


Emitter lead 
Collector lead 


a 
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PENETRATION FROM SURFACE (mils) 


Processing assumptions: 
Bulk impurity concentration: N4i = 3 & 10” atoms/cm’ 
Simultaneous vapor diffusion of donor impurity (phosphorus) 
into bulk from both sides 
Diffusion temperature: 1200 °C. 
Diffusion time: 70 minutes 
Diffusion coefficient: 3.5 & 107 cm?/sec. 
Surface concentration: Np, = 10'° atoms/em* 


Calculation assumptions: 
Acceptor density: N4, = constant 
Donor density: 


N pi, erfe (x < 0,45) 
a Sa Dp t 
Nop. — 
N fe oe (0.9 > x > 0.45) 
Dip erte ue pt Be ot 
wee tN/ Dot 


Resultant profile: 
Noit+WNai 


Fig. 3—Diffused emitter and collector transistor. 
(n-p-n silicon) 
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inal piece of semiconductor. The following two ex- 
amples again make use of either segregation or dif- 
fusion exclusively, but these processes take place on 
only one side of the semiconductor wafer. 

C. Meltback [18] 

The meltback process involves melting one end of a 
crystal bar, specially doped with donor and acceptor 
impurities (by a fast growing process), and resolidify- 
ing from the solid-liquid interface to achieve resegre- 


ao] 
z 3 
WANREN RNA: 3 
100 &f 
ws {\ 
¢ % 
De z 
a : 
3 40 3 
Ww 
* 20 
20 
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IMPURITY DISTRIBUTION (10%cm>) 


°5 “A -2 ie) ~ 4 & 8 Lo 
DEPTH FROM MELTBACK JUNCTION 
(mils) 


Processing assumptions: 
Original bulk impurity concentrations: 
Nai, = 7.5 X 10% atoms/cm! 
and Np. = 9.25 X 10° atoms/cm® 
Rapid crystal growth — melt containing acceptor impurity 
(boron) and donor impurity (antimony) 
Meltback and quench 


Calculation assumptions: 


a 
Constant cross-sectional area of bar (0- es) 
W remelt 


» d 
Growth rate: w om = 0.34 e* — 0.33 mils/sec. (see text) 
( 


Acceptor density: Nai = kp Nai, (1-— g)*8“ 


[4 (x <0) 
Segregation coefficient*: kp = / 
|(e ar Caves Oi) 
kp, = 0.9 
Donor density: Npi = kgp Npi (1 — g)*S? 
1 (x < 0) 
Segregation coefficient*: ks, = d 
lf w a (ei) 
{ dt 
k so, = 0.04 


Resultant profile: 
Nai +No1 
*See reference [7], Dacey, page 25. 


Fig. 4—Melt-quench transistor. (n-p-n silicon) 
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a 


gation of the impurities. Proper choice of both im- 
purity concentrations and segregation coefficients is 
necessary to form the transistor structure. It is cus- 
tomary to use a melt-quench process, whereby during 
the cooling of the melted section the segregation fac- 
tors increase steadily and cause the collector junction 
to be formed near the emitter-base junction. The 
quench rate is complex; therefore an engineering ap- 
proximation has been used in the calculation of Fig. 4. 
The growing rate is approximated by an exponential 
function over the length of the remelted section of the 
bar. The dependence of the segregation constant on 
growing rate is taken from Burton and Slichter. [5] 

The resulting electrical qualities are relatively in- 
flexible since emitter efficiency, base resistance, etc. 


Metal emitter ohmic 
connection 


IMPURITY DISTRIBUTION (10'7 em7>) 


te) A 2 3 4 5 6 Tf 8 
DEPTH FROM SURFACE (mils) 


Processing assumptions: 
Bulk impurity concentration: Np, = 5 & 10% atoms/cm? 
Simultaneous vapor diffusion of acceptor impurity (indium) 
and donor impurity (antimony) into bulk 
Diffusion temperature: 1300 °C. 
Diffusion time: 4 hours 
Diffusion coefficients: Dr, = 10-" cm2/sec. 
and Ds = 1.4 X 10-2 cm2/sec. 
Surface concentrations: N41, = 10% atoms/cm?’ 
and Np», = 10?! atoms/em® 


Calculation assumptions: 


Ly 
Acceptor density: N4; = N4 1 —————— 
2V/ Dr, t 
. A MG 
Donor density: Np. = Np erfe —— 
2 VD spt 


Resultant profile: 
Noi +No2+ Nai 


Fig. 5a—Transistor with diffused base and emitter, 
(simultaneous diffusion). (n-p-n silicon) 
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cannot be modified to any great extent. On the other 
hand, very small basewidths are possible, giving good 
high-frequency characteristics. 

A still more limited modification of the meltback 
process is the slow cooled meltback transistor in 
which the collector junction and its position depend 
upon the equilibrium segregation coefficients. This de- 
vice is of theoretical interest, but narrow basewidths 
are very difficult to achieve since very few doping 
elements have the proper segregation coefficients. 


| 2 


: : 3 4 5 6 ae 
DEPTH FR 


OM SURFACE (mils) 


Processing assumptions: 


Bulk impurity concentration: Np; = 5 X 10% atoms/cm’ 
Vapor diffusion of acceptor impurity (indium) into bulk 
Diffusion temperature: 1300 °C. 
Diffusion time: 4 hours 
Diffusion coefficient: 10—" em?/sec. 
Surface concentration: N41, = 10% atoms/em? 
Vapor diffusion of donor impurity (antimony) into bulk 
Diffusion temperature: 1359 °C. 
Diffusion time: 1 hour 
Diffusion coefficient: 5.6 < 10—” em?/sec. 
Surface concentration: Np, = 102 atoms/cm’ 


Calculation assumptions: 


Acceptor density: N42 = modification of N Ato erfe ae 

2V Din tn 

allowing for slump effect resulting from subsequent 
diffusion 


Donor density: Np, = constant 
x 


and Np» = Np», erfe —————— 
A 2VD sp ts 


Resultant profile: 
Np. 4. Np» = Nas 


Fig. 5b—Transistor with diffused base and emitter, 
. (sequential diffusion). (n-p-n silicon) 
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| D. Diffused Base and Emitter [39] 

| This transistor is made by vapor diffusing donor and 
#, acceptor impurities simultaneously (Fig. 5a) or se- 
ij quentially (Fig. 5b) into the bulk. The resultant of 
the two diffusions creates the emitter-base-collector 
profile. The units created by this technique are rela- 
| tively inflexible because the superposition of the two 
profiles introduces a number of limitations. For ex- 
; ample, it is preferable for the base to be lightly doped, 
since the current amplification factor is highly de- 
pendent upon base doping, due to lifetime degenera- 
tion at high doping levels. On the other hand, light 
base doping results in high 1, ..;, because the base re- 
gion extends beyond the active emitter junction (see 
mechanical structure, Fig. 6). It would also be desir- 
@ able to reduce the effect of the opposing field on the 

-emitter side of the base in order to improve current- 
amplification and high-frequency performance.* The 
steep emitter gradient necessary to minimize this field 
can only be realized from the diffusion phenomenon if 
the diffusion depth is kept to a minimum. This restric- 
tion on diffusion depth puts a severe limitation on 
emitter efficiency.‘ 

The simultaneously double-diffused device as- 
sumes complementary error functions for the acceptor 
_ and donor vapor diffusions. The impurity distribution 
N42 in the sequentially diffused device, however, is 
substantially altered (see Fig. 6 for comparison) be- 
cause of an out-diffusing of the first impurity during 
the second difiusion. Consequently, the modified N 4». 
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Fig. 6—Comparison of simultaneously and sequentially 
diffused base and emitter transistors, (n-p-n silicon). 
Profiles are taken from Figs. 5a and 5b. 


is of such complex form that analytic derivation was 
deemed impractical; the curve in Fig. 5b is the result 
of an analog computation. [42] 


The six remaining profiles show the impurity dis- 
tributions when both the diffusion and segregation 
phenomena are utilized. 


‘Thid. 
“Thid. 


[To be continued | 


REFERENCES 


[1] Bardeen, J. and Brattain, W. H.: Physical Principles Involved 
in Transistor Action; Phys. Rev., Vol. 75, April 15, 1954 
[2] Barrer, R. M.: Diffusion in and Through Solids; Cambridge 
University Press, 1950 
[3] Beale, J. R. A.: Alloy Diffusion: A Process for Making 
Diffused-base Junction Transistors; Proc. Phys. Soc. B, Vol. 
70, Nov. 1957 
[4] Benjamin, C. E. and Longini, R. L.: A Single Step Method of 
Making Fused p-n Hooks; IRE-AIEE Semiconductor Devices 
Research Conference, Philadelphia, Penna; June 20-22, 1955 
[5] Burton, J. A., Slichter, W. P., Transistor Technology, D. Van 
Nostrand, New York. 
[6] Cornelison, B. and Adcock, W. A.: Transistors by Grown- 
diffused Technique; Wescon Conference, Aug. 21, 1957 
[7] Dacey, G. C. and Thurmond, C. D.: p-n Junctions in Silicon 
and Germanium: Principles, Metallurgy and Applications: 
Metallurgical Review, Vol. 2, June 1957 
[8] Dunlap, W. C.: Diffusion of Impurities in Germanium; Phys. 
Rev., Vol. 94, June 15, 1954 
[9] Early, J. M.: Design Theory of Junction Transistors; B.S.T.J. 
Vol. 32, No. 1953 
[10] Early, J. M.: Effect of Space-Charge Layer Widening in 
Junction Transistors: Proc. IRE, Vol. 40, November 1952 
{11] Early, J. M.: p-n-i-p and n-p-i-n Junction Transistor Triodes; 
B.S.T.J., Vol. 33, May 1954 
[12] Ebers, J. J. and Miller, S. L.: Design of Alloyed Junction 
Germanium Transistors for High-Speed Switching; B.S.T.J., 
Vol. 34, July 1955 
[13] Ebers, J. J. and Moll, J. L.: Large Signal Behavior of 
Junction Transistors; Proc. IRE, Vol. 42, Dec. 1954 
[14] Freedman, G., et al: A New Five Watt, Class A, Power 
Amplifier; National Convention IRE, New York City, March 
24-27, 1958 
[15] Fuller, C. S. and Ditzenberger, J. A.: Diffusion of Donor 
and Acceptor Elements in Silicon; Journal of Applied Physics, 
Vol. 27, a 1956 
[16] Giacoletto, L. J.: The Study and Design of Alloyed-Junction 
Transistors: 1954 IRE Convention Record, Part 3 


SEMICONDUCTOR PRODUCTS e APRIL 1959 


[17] Giacoletto, L. J.: Theoretical Junction Capacitance and Re- 
lated Characteristics Using Graded Impurity Semiconductors; 
RCA Bulletin LB 1028 

[18] Hall, R. N.: Melt-Back Transistors; AIEE-IRE Semiconductor 
Device Research Conference, University of Pennsylvania, 
June 1955 

[19] Hall, R. N.: P-N Junctions Produced by Rate Growth Varia- 
tion, Phys. Rev. Vol. 88, 1952 

[20] Jost, W.: Diffusion in Solids, Liquids, Gases; Academic Press 
Inc., New York, 1952 

[21] Kestenbaum, A. L. and Ditrick, N. H.: Design, Construction 
and High-Frequency Performance of Drift Transistors, RCA 
Review, Vol. 18, March 1957 

[22] Krémexv, H.: Zur Theorie des Diffusions-und des Drift- 
transistors; Archiv electr. Uebertragung, Vol. 8, May, Aug., 
Nov. 1954 

[23] Law, R. R. et al: A Developmental Germanium p-n-p Junc- 
tion Transistor; Proc. IRE Vol. 40, Nov. 1952 

[24] Lee, C. A.: A High Frequency Diffused Base Germanium 
Transistor; B.S.T.J., Vol. 35, Jan. 1956 

[25] Miller, S. L. and Ebers, J.J.: Alloyed Junction Avalanche 
Transistors; B.S.T.J., Vol. 34, September 1955 

[26] Moll, J. L. and Ross, I. M.: The Dependence of Transistor 
Parameters on the Distribution of Base Layer Resistivity; 
Proc. IRE Vol. 44, Jan. 1956 

[27] Orman, C. and White, L.: Diffused Emitter and Collector 
PNP and NPN Silicon Medium Power Transistors IRE Elec- 
tron Devices Meeting, Washington, D. C. Oct 31-November 1, 
1957 

[28] Pfann, W. G.: Redistribution of Solutes by Formation and 
Solidification of a Molten Zone; J. Metals, Vol. 6, 1954 

[29] Phillips, A. B. and Intrator, A. M.: A New High Frequency 
NPN Silicon Transistor, IRE National Convention Record, 
Vol: 5, Parts; igor 

[30] Pritchard, R. L.: High Frequency Power Gain of Junction 
Transistors; Proc. IRE Vol. 43, Sept. 1955 

[31] Rittner, E. S.: Extension of the Theory of Junction Tran- 
sistors; Phys. Rev. Vol. 94, June 1954 


23 


[32] Sardella, J. and Wonson, R.: A New High Frequency, Dif- 
fused Base NPN Silicon Transistor; National Convention IRE 
New York, March 24-27, 1958 

[33] Schenkel, H. and Statz, H.: Voltage Punch-Through and 
Avalanche Breakdown and Their Effect on the Maximum 
Operation Voltage for Junction Transistors; Proc. National 
Electronics Conference, Vol. 10—1954 

[34] Seed, R. G., et al: Measurement of Conduction and Impurity 
Concentration for the System Indium-Gallium-Germanium; 
ATEE-IRE Semiconductor Devices Research Conference, 
Boulder, Colorado, July 15-17, 1957 

[35] Shockley, W., Sparks, M., and Teal, G. N.: P-N Junction 
Transistors; Phys. Rev., Vol. 83, July 1, 1951 

[36] Statz, H., Guillemin, E. A., and Pucel, R. A.: Design’ Con- 
siderations of Junction Transistors at High Frequencies; 
Proc. IRE, Vol. 42, Nov. 1954 

[37] Statz, H., Spanos, J., and Leverton, W.: The Drift Transistors 
With an Exponential Impurity Distribution in the Base; 


List of 
Varin In an intrinsic region transistor the minimum voltage 
required for the space charge to widen across the intrinsic 
region. 
k The segregation coefficient (ratio of impurity concen- 
tration in the solid to that in the liquid at the interface). 
g That fraction of the original volume which has solidified. 
D The diffusion coefficient. 
Ofe The small signal short-circuit forward current transfer 
ratio. (common emitter) 
rb The small signal short-circuit: reverse current transfer 


ratio. (common base) 


AIEE, IRE, Semiconductor Research Conference, Philadel- 
phia, Pa., June 1955 

[38] Steele, E. L.: Theory of Alpha for PNP Diffused Junction 
Transistors; Proc. IRE, Vol. 40, Nov. 1952 

[39] Tanenbaum, M. and Thomas, D. E.: Diffused Emitter and 
Base Silicon Transistors; B.S.T.J., Vol. 35, Jan. 1956 

[40] Tanenbaum, M. et al.: Silicon NPN Grown Junction Tran- 
sistors; Journal of Appl. Phys., Vol. 26, 1955 

[41] Teal, G. K., Sparks, M., and Buehler, E.: Growth of Ger- 
manium Single Crystals Containing P-N Junctions; Phys. 
Rev., Vol. 81, 1951 

[42] Waring, W.: Diffusion Computation Profiles by Analog 
Computation; Electrochemical Society, New York, April 23- 
May 1, 1958 

[43] Webster, W. M.: On the Variation of Junction Transistor 
Current Amplification Factor with Emitter Current; Proc. 
IRE, Vol. 42, June 1954 


Symbols 

Tb extr. xtrinsic base branch resistance. 

hice The frequency at which the magnitude of a; is .707 of 
the low frequency value. 

Co Collector capacitance. 

Va The voltage at which the space charge region extends 
from the collector to the emitter junction. 

BV op The avalanche breakdown voltage from collector to base, 
emitter open circuited. 

Vsar Saturation voltage or voltage measured from collector to 


emitter when the transistor is operating in the saturation 
region. 


Some Effects of Semiconductor Surfaces 


On Device Operation 


GEORGE deMARS* 


*Raytheon Mfg. Co., Solid State Physics Group, Research Division, Waltham, Mass. 


Practically all semiconductor devices utilize the electrical characteristics of the p-n 
junction for their operation. In general, these characteristics are influenced by the physi- 
cal-chemical structure at the semiconductor surface. The reverse current of diodes and 
the power gain, current gain and frequency cutoff of transistors can be severely limited 
by surface conditions. The understanding and control of semiconductor surface properties 
is of great value in the design and fabrication of devices. The study of the surface in- 
volves the outer layers of the bulk material, any adsorbed films of foreign material and 


the surrounding ambient. 


devices have advanced to a point where it is 

feasible to develop a device to have certain 
specialized characteristics. That is, using semicon- 
ductor theory, one can design a device and be reason- 
ably certain that the specifications as to semiconductor 
purity and geometry will be met. However, it has 
often happened that a device has failed to exhibit the 
desired characteristics not because design specifica- 
tions were inadequate or unfulfilled, but rather be- 
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cause of the effect of semiconductor surface behavior. 

Much of the work which led to the discovery of 
transistor action was concerned with surface effects 
on semiconductor rectifying properties. In 1947, Bar- 
deen’ suggested that electronic states or charged sites 
on the semiconductor surface could account for the 
then puzzling observed behavior of semiconductor- 
metal contacts. After this, Brattain and Shockley? 
found experimental evidence for surface states from 
contact potential measurements on semiconductors. 
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#Later, Shockley and Pearson’ showed that the modu- 
\lation of the conductance of a semiconductor sample 
‘by a transverse electric field was much less than ex- 
fpected and explained the results in terms of surface 


‘estates. 


In the years that followed, most semiconductor re- 


rsearch and engineering was concerned with bulk 
7 properties. However, here and there projects were un- 
#dertaken to investigate surface behavior, and with 
7 time their number increased, so that in the last few 
years there have been many groups engaged in sur- 
» face studies. These surface studies have confirmed the 


existence of Bardeen’s surface states, taught us much 
of their structure, and demonstrated their effects on 


4 the operating characteristics of devices. 


Semiconductor conductance characteristics follow 


from the behavior of mobile charged carriers (holes 
# and electrons), whose relative densities in the mate- 


rial are controlled by doping the semiconductor with 


'small amounts of impurities. The effect of a negative 


surface charge on the carrier density of n-type mate- 
rial near the surface is indicated in Fig. 1. Here elec- 


¥ trons are pushed away from the surface, exposing a 


space charge layer of immobile, positively charged 


6 donor atoms which tend to neutralize the surface 


charge. If the surface charge density is quite high, 
then it is also necessary for holes to be drawn to the 
surface to preserve neutrality, and a conducting 
p-type surface layer or “inversion” layer is produced. 


‘In a similar manner, positive charges on p-type ma- 


terial can produce an n-type surface inversion layer. 
Positive surface charge on n-type material or negative 


surface charge on p-type material would, of course, 


attract the majority carriers, electrons or holes, re- 
spectively, toward the surface producing a region of 
excess majority carrier density, sometimes called an 
“accumulation” layer. This modulation of carrier 
density at the surface by charges in surface states 
would indicate that surface states affect device opera- 
tion. 

A transistor is essentially an interacting combina- 
tion of two diodes in one piece of semiconducting ma- 
terial, so that it might be appropriate to consider first 


| the effect of surface conduction on diode characteris- 
' tics. To make a diode operative it must be cleaned 
after fabrication so that all surface work damage and 


conducting contaminants are removed. However, even 


a carefully cleaned and etched diode may not exhibit 


the expected voltage, current and capacitance charac- 
teristics. Curve 1 in Fig. 2 represents the desired char- 


; acteristics of some reverse biased diode, i.e., the re- 


verse current saturates over the operating range. 


' Sometimes different operating characteristics are ob- 


served, such as: 

1. As shown in curve 2, the reverse current may 
saturate but at a value higher than that predicted by 
the bulk properties. 

2. As shown in curve 3, the reverse current may 
not saturate but rather may vary approximately as 
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Fig. 1—The effect of negative surface charge on an n-type 
semiconductor. 


REVERSE CURRENT 


LOG VOLTAGE 


Fig. 2—Various observed reverse diode characteristics. 


the logarithm of the voltage. In such a case the cur- 
rent takes seconds or minutes to reach a stable value 
when the voltage is changed suddenly. This behavior 
is sometimes referred to as “creep.” In addition, the 
capacitance of such a unit may be much higher than 
that expected from the bulk properties. 

3. As shown in curve 4, the reverse current may 
show close to a linear increase with voltage at volt- 
ages well below the breakdown voltage, and creep is 
often observed. 

Let us consider the first case, where the saturation 
current is high. This saturation current arises from 
the diffusion of minority carriers in the vicinity of the 
junction. The magnitude of this diffusion current, per 
unit area, is dependent on a number of factors, one 
of which is recombination lifetime. 

It is a property of semiconductors that if a number 
of minority carriers in excess of the equilibrium num- 
ber are somehow placed in the material, this excess 
number will immediately start to diminish through 
the process of recombining with majority carriers and 
will continue to diminish in an exponential manner 
until equilibrium is restored. Thus, the density of mi- 
nority carriers diffusing toward the space charge re- 
gion at the junction will die out exponentially as it 
approaches the junction area. The exponential decay 
can be represented by a time constant called the re- 
combination lifetime. The smaller this lifetime, the 
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Fig. 3—Effect of inversion layer on voltage drop across 
p-n junction. 


greater will be the gradient in the number of excess 
minority carriers as a function of distance away from 
the junction, and since the diffusion current is propor- 
tional to this gradient, we see that short lifetimes lead 
to high saturation currents. : 

To bring the surface condition into the picture, it 
is now necessary to point out that an effective recom- 
bination lifetime results from recombination in the 
bulk and at the surface. The relative contribution of 
each will depend on the geometry, in particular on the 
surface-to-volume ratio, of the specimen. The effect 
of surface recombination becomes more important as 
the surface-to-volume ratio increases and, since this 
ratio becomes larger as the overall size of a device 
diminishes, the very fact that semiconductor devices 
are so small makes them surface-sensitive. The bulk 
recombination will be fixed for any given material, 
but surface recombination may vary greatly with the 
condition of the particular surface. The surface can be 
characterized in this respect by a parameter called 
the surface recombination velocity, which is the ratio 
of the number of carriers per unit area per unit time 
recombining at the surface to the number per unit 
volume available just beneath the surface. Thus, a 
high surface recombination velocity corresponds to a 
low value of surface lifetime. On germanium, a rough 
or strained surface, such as would be produced by 
sandblasting or grinding, will have a high surface 
velocity (up to 10* cm/sec.), whereas the surface ve- 
locity will be quite low (50-200 cm/sec.) on the sur- 
face resulting from chemical etching. 

The second phenomenon, the observed slow in- 
crease in reverse diode current with voltage, may be 
due to the formation of a surface inversion layer. This 
surface inversion layer, of course, forms a junction 
with the bulk material and thus extends the area of 
the original junction. This added junction is effective 
as a collector of carriers only in that region where 
there is a voltage drop across it. Normally, the voltage 
drop on a reverse-biased diode is confined to a very 
narrow region at the junction, but with an inversion 
layer or “channel” present, this drop is spread out, 
depending on the conductance and current in the 
channel. (See Fig. 3.) This effective added junction 
area will vary with applied voltage, and so too will 
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the diode reverse current which now includes the 
saturation current of the bulk junction and the satu- 
ration current of the surface junction. 

Visual evidence of this spreading out of the poten- 
tial drop at the junction is shown in Fig. 4, which is a 
microphotograph} of the area in the vicinity of an 
arsenic diffused p-n junction. On the electrolytically 
etched surface, the bright lines at the junction are 
due to sharp doping impurity gradients. With an in- 
version layer present on the p-type region, barium 
titanate particles, which tend to deposit where there 
is a potential gradient along the surface,* are seen to 
be spread out away from the junction. 

Since, in general, the saturation current of the sur- 
face junction is much greater than that of the bulk 
junction, because many of the surface states are gen- 
eration-recombination centers, the voltage depend- 
ence of the effective area of the surface junction will 
describe the voltage dependence of the total diode 
current. From a knowledge of the variation of inver- 
sion layer conductance as a function of the potential 
drop across the surface junction at any point, the dis- 
tribution of potential along the surface junction and 
thus the area over which the saturation current is col- 
lected has been determined. Such calculations, which 
have been confirmed by experimental data, indicate 
that the reverse current varies approximately as the 
logarithm of the reverse voltage applied to the diode.® 
Of course, as the effective junction area increases so 
does the total diode capacitance. 

As stated earlier, the inversion layer results from 
charges residing on the surface. Now it turns out that 
there are two places that this surface charge can ap- 
pear: first at the interface between the semiconductor 
and semiconductor oxide film, which forms after 
chemical or electrolytic etching, and second, on or in 
the oxide. (See Fig. 5.) The charges in these posi- 


+Courtesy of P. Levesque, Research Division, Raytheon Manu- 
facturing Co. 


(a) 


(b) 


Fig. _4—Microphotographs of an arsenic-diffused ger- 

manium p-n junction with (a) barium titanate deposited 

on inversion layer in the p-type region and (b) barium 

titanate deposited on the junction after removal of 
inversion layer. 
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Fig. 5—Positions of semiconductor surface states. 


tions or sites are electronically in communication with 
# the bulk material. The occupancy of the interface po- 
sitions reaches equilibrium in a matter of millimicro- 
seconds, whereas that of the oxide positions may take 
some minutes to come to equilibrium, which accounts 
for the observed drift in current following the appli- 
cation of, or a change in, bias voltage. In general, the 
density of the interface states is insufficient to modu- 
late to a significant degree the surface conductivity 
of device material, but rather it is the readily attain- 
able, much higher, density of outer states which con- 
trol the surface. 

The charge residing in or on the oxide film is often 
_ produced by adsorbed gas molecules which lose or 
gain charge. The gases which are most likely to affect 
devices are oxygen, which produces a negative sur- 
face charge, and water vapor, which produces a posi- 
tive charge. Now, if a diode is exposed to a high 
humidity ambient, many layers of water molecules 
may sit on the surface. The positive charge on these 
adsorbed molecules will cause inversion layer forma- 
tion on p-type material. When a number of layers of 
liquid vapor molecules are present so as to form a 
coherent film, the positive charge becomes mobile. It 
is believed that this is an electronic process where 
only the charges move, rather than an ionic one where 
' the molecules move. Surface charge mobility, then, 
accounts for the third type of unusual reverse diode 
current behavior. 

The potential distribution at the junction, as indi- 
cated in Fig. 6a, is such as to force the mobile posi- 
tive surface charge on the p-type region away from 
the junction. When the surface charge density near 
| the junction is thus reduced, the inversion layer con- 
ductivity is also reduced in that area, and an even 
greater potential drop results causing further move- 
ment of the positive charge. Eventually, this process 
comes to equilibrium with the potential and surface 
charge distribution as indicated in Fig. 6b. The volt- 
age across the surface junction is now everywhere 
considerably reduced from the total applied voltage; 
so much reduced at low bias values that the collection 
of carriers at the surface junction is reduced. Now, as 
the bias voltage is increased, more and more carriers 
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are collected at the surface junction so that the re- 
verse current of the diode is seen to increase almost 
linearly with voltage. There is evidence that the liquid 
on the surface acts in some manner so as to increase 
markedly those interface states which are recombina- 
tion-generation centers, thereby increasing the sur- 
face velocity,®.7 and thus the surface junction satura- 
tion current. Very large and unstable reverse cur- 
rents are observed, therefore, when liquid films are 
present. Water vapor is by no means the only source 
of liquid film effects; the same effects have been ob- 
served with methyl alcohol, acetone and dioxane. 
The effect of surface behavior on transistor opera- 
tion can best be illustrated by considering a simple 
grown junction device. (See Fig. 7.) Of course, most 
devices have a more complex geometry, but the prin- 
ciples will still apply. Here is an n-p-n unit with a 
grounded base. The first junction, biased in the for- 
ward (low impedance) direction, emits electrons into 
the base region, where they become minority carriers. 
After traversing the base region, most of these elec- 
trons are collected at the second junction, biased in 
the reverse (high impedance) direction. This process 
whereby a current, which can be modulated, enters 
the base region through a low impedance and leaves 
substantially undiminished through a high impedance, 
makes the transistor a power amplifier. For good 
power amplification, one would like to have a high 
efficiency of emission and collection and as few car- 
riers as possible lost while traversing the base region. 
The surface lifetime in the base region can be quite 
important here. High surface velocities in this region 
will raise the collector saturation current and, as 
shown in Fig. 7, lower the percentage of emitted car- 
riers that successfully traverse the base region. Oper- 
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Fig. 6—Effect of mobile surface charge on voltage drop 
across p-n junction. 
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ated as a grounded emitter unit, the transistor be- 
comes a current amplifier, and it is seen from Fig. 7 
that reducing the surface lifetime in the base region 
is detrimental to this type of operation since it in- 
creases the base signal current and lowers the col- 
lector signal current. 

It is of some interest to indicate in more detail the 
effect of surface behavior on h;. (the ratio of collector 
to base signal currents). hs. can be related to hy (the 
ratio of collector to emitter signal currents) by the 
expression 


Webster’ has expressed h,;, for the alloy-junction tran- 
sistor in terms of semiconductor parameters and 
shows that it depends on three terms, such that 


ee ee ey a7 
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where s is the surface recombination velocity, A; is 
the effective area at which surface recombination 
occurs, X is a constant and Y and Z are terms involv- 
ing emitter efficiency and volume recombination. As 
is shown in Table I, taken from a recent article® using 
Webster’s notation, X and Y can be considered as con- 
stants here. It is clearly seen that the surface term is 
critical and that variations in s or A, (due to inver- 
sion layer formation) markedly affect hy. 

An effective inversion layer (ie., that portion 
where there is enough voltage drop to collect car- 
riers) on the base region will increase the collector 
saturation current and the collector capacitance. The 
latter effect will limit the frequency cut-off value. Of 
course, if an effective inversion layer should extend 
all the way from the collector to the emitter, the tran- 
sistor action would be diminished to a degree de- 
pending on the magnitude of the channel resistance, 
which may vary greatly. 

The nature of semiconductor surfaces in terms of 
electronic states and adsorbed material has evolved 
from many lines of research. The electrical properties 
of surfaces have been determined using both homoge- 
neous samples and device-like structures. The neces- 
sary high density of surface charge has been pro- 
duced by surface exposure to various ambient gases 
such as oxygen, ozone and ammonia or by electro- 
static induction. Surface contact potential, surface 
layer conductance and surface recombination of photo 
generated carriers are some of the properties meas- 
ured. The physical-chemical nature of the semicon- 
ductor surface has been studied by following reac- 
tions on clean surfaces produced in vacua in the range 
of 10-'° mm of mercury. Clean surfaces have been 
produced by bombardment with ions of chemically 
neutral gases or by crushing the material in vacuum. 
Adsorption processes have been determined by fol- 
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Fig. 7—n-p-n transistor (grounded base) 


Table I 
= lame 
om fo 
i | = 


lowing pressure changes, weight changes using mi- 
crobalances capable of less than a monolayer of ad- 
sorbed gas sensitivity and structure changes using 
low energy electron beam diffraction techniques. De- 
tailed accounts of many of these studies may be found 
conveniently grouped in Physica, Vol. XX, No. 11, 
1954, and Semiconductor Surface Physics, University 
of Pennsylvania Press, 1957. 

The continued study of semiconductor surface be- 
havior is desirable if the demonstrably surface-sensi- 
tive devices are to exhibit optimum characteristics. 
For future device designs and uses, particularly at 
higher temperatures, more knowledge of’ surface 
phenomena is indicated. Silicon devices, for instance, 
should in general perform quite well up to tempera- 
tures of 250°C, but such high temperature operation 
is limited by surface instability. An understanding 
of semiconductor surface phenomena is important, not 
only for device development, but also as an aid in de- 
termining surface properties of all solid state mate- 
rials. 
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The Advantages of Tetrode Geometry 


For Power Transistors; 


Stability and Control of Amplified Leakage Current 


HOWARD T. MOOERS* 


RICHARD J. ZELINKA* 


It is difficult to attain low values of common emitter circuit leakage using high impedance 
inputs for triode transistors, without severely lowering the normal stage gain. The power 
tetrode has two isolated base connections. One is used to insert the signal, the other to 
establish the desired no-signal leakage condition. If one base is connected to the emitter 
or restrained by a voltage equal to the floating potential, the common emitter leakage is 
essentially reduced to Igzs and Icso respectively, without materially affecting the transfer 
function. A circuit example is given which illustrates the advantage of the tetrode over 


the equivalent triode configuration. 


pendent upon the junction area. Power transis- 

tors have a large junction area to handle the 
currents involved and consequently have rather large 
leakage currents. This is compounded by the fact that 
the leakage current doubles every 9°C, and, in the 
common emitter configuration, the leakage current is 
multiplied by the current gain of the device. 

The actual value of the leakage current depends 
upon the transistor, its temperature, the applied volt- 
age, and the particular circuit configuration. Examina- 
tion of the leakage characteristic leads to the con- 
struction of several leakage curves which may be used 
for reference. 


. LL TRANSISTORS have a leakage current de- 


Leakage Characteristics of a Triode 

Using the circuit shown in Fig. 1, the leakage char- 
acteristics can be examined for a large number of cir- 
cuits. Of these characteristics, several are significant. 
The characteristic curves are shown in Fig. 2 and are 
generated using the following resistance values: 


1. Rez = ~, Rp = 0, Curve Iczo 
2. Rz=0, Re = 0, Curve Iczs 
3. Rz = 0, Re = ~, Curve Iczo 


The values read as Vy are not exactly the collector 
voltages, as such, but are the circuit voltages, most of 
which appear on the collector. There are small poten- 
tial drops across the input resistors and the meter 
which may generally be neglected. 

The leakages under zero input conditions are lim- 
ited to the region between Iozo and Ico. The first is 
generally associated with the open emitter leakage of 
the common base configuration, while the second is 
regarded as the open base common emitter leakage. 


* Minneapolis-Honeywell Regulator Co., Semiconductor Prod- 
ucts Division, Sales Dept. 
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The two leakage values are related as follows: 
Icro = Icro (acn + 1) 


Circuitry Modifies These Leakages 

In actual practice neither of these input terminals 
is left open in an operating circuit, so that these curves 
do not represent the normal expected leakage of the 
device in a circuit. Any d-c connection to the input of 
a common base transistor causes the emitter lead in- 


Fig. 1—Circuit for measuring leakage currents. ! fj 
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Fig. 2—Reference leakage characteristics. 
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put resistance to be less than infinity, and the leakage 
current will increase from Ic¢z0. The common base 
leakage finally becomes Ions (or Ices) when zero re- 
sistance appears between the emitter and base. The 
common emitter circuit shows a leakage equal to Iono 
when the base lead is open. As the base lead resist- 
ance is decreased, the leakage current decreases until 
it reaches the value of Ipes as the resistance from base 
to emitter approaches zero. 

The value of Igny is usually several times the value 
of Iggo and is dependent upon the internal resistances 
associated with the base and the emitter. 

In any circuitry, if the collector leakage current 
Iczo is entirely provided by the base lead, the emitter 
current becomes zero and the collector current is just 
Icgo. If the base circuitry cannot or does not supply 
the required Igz9, the remainder will be supplied 
through the emitter, and this part will then be mul- 
tiplied by (acz-+1). Thus, the ratio of Ignzs to Iczo 
will be higher for high base resistance units and 
lower for units with high emitter resistance. The in- 
ternal lead resistances tend to establish the ratio of 
division of leakage current between the base and 
emitter, and thus establish the proportion of leakage 
current which is amplified. 

Obviously, then, the leakage value of Igzy can be 
duplicated with resistors in both the base and emitter 
leads, provided they are in the inverse ratio to the 
base and emitter currents. Thus, the voltage drop will 
be equal for both the base and emitter resistors, and 
the net voltage appearing at the transistor between 
the base and emitter terminals will be zero. Circuit- 
wise, these values of emitter resistance are usually too 
high to be of value because they seriously limit the 
available output. 

The same theory holds for other cases involving re- 
sistors in both the emitter and base lead paths. If the 
leakage current is supplied through the base lead, the 
emitter current will be zero, and the total circuit leak- 
age will be Iggo. The ease with which the amplified 
leakage current can flow to the emitter will determine 
the increase of leakage over I¢go until the limit is 
reached where no leakage is supplied by the base and 
thus the total leakage is amplified. It is for reasons of 
limiting the value of amplified leakage that emitter 
resistors are used. Their use, however, reduces the 
amount of the supply voltage that can be impressed 
across the load. Thus, even though the leakage cur- 
rents can be reduced by an emitter resistor, it is sel- 
dom feasible to reduce it very far, certainly not to 
the level approaching I¢zo. 

It can be seen that the efiectiveness of the emitter 
resistor is influenced by the magnitude of the base re- 
sistor. The emitter resistor can do no good when the 
base is open or terminated in a high resistance, The 
stabilizing effect of the emitter resistor is greatest 
when the base lead resistance is as low as possible. 

Under active circuit conditions when biases or sig- 
nals are applied, the leakage may also be evaluated. 
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The common base leakage current causes an open 
emitter to assume a small potential with respect to the 
base. This is called the emitter floating potential. If 
this potential is applied between the emitter and base 
in the common emitter circuit, the base will supply 
all of the leakage current, and the emitter current 
will be zero. Thus, in the common emitter circuit, 
when the base is back biased by the amount of the 
floating potential, the circuit leakage is reduced to 
Icgo. Further back bias does little except to back bias 
the emitter junction also. 

The transistor behaves according to the currents 
and voltages that are impressed upon it. A circuit may 
be nominally designed to provide a back bias, but if 
the magnitude of the available voltage, reduced by 
the leakage current flowing through the impedance 
of the source, does not at least equal the floating po- 
tential, the transistor is not cut off and a portion of 
the leakage becomes amplified. This effect is generally 
encountered at elevated temperatures when the leak- 
age magnitudes are large. 


Components of Leakage Current 


The Igzo leakage current is made up of several 
components. The bulk semiconductor leakage or satu- 
ration current is dependent upon the junction area, 
resistivity of the collector and base materials, and tem- 
perature. It is this component which doubles every 
ig Oo 

There is an ohmic component which appears to be 
dependent upon the periphery of the junction, the 
etching, cleanup, and surface treatments of the junc- 
tion edge, voltage, and temperature. This ohmic leak- 
age component increases with temperature. Its resist- 
ance value will decrease to perhaps 20% of its room 
temperature value when the junction is at 95°C. 

A third component is due to the avalanche effect or 
body breakdown and it occurs at high voltages. This 
causes the bending of the leakage characteristic prior 
to breakdown. Body breakdown is due to the multi- 
plication of charge carriers due to collisions at high 
energy levels (i.e. high voltage). The body break- 
down or avalanche voltage is often defined as the 
voltage where “oz >. The voltage where this action 
takes place must be well above the normal operating 
voltages, and the phenomenon appears to be a func- 
tion of the voltage gradient within the junction. The 
breakdown voltage has a positive temperature coeffi- 
cient—the higher the temperature, the higher the 
voltage. 

These several leakage components may be roughly 
separated at room temperature as follows: A low 
voltage leakage measurement will eliminate a large 
portion of the ohmic component and all of the ava- 
lanche increase. This current, when doubled every 
9°C, will predict a maximum leakage current for any 
temperature. Due to the unavoidable inclusion of 
some of the ohmic component, the expected current 
will be somewhat less than predicted. 
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| The ohmic component of current increases with 
| both voltage and temperature because the effective 
shunting resistance decreases with temperature. The 
) temperature coefficient of this leakage is smaller and 
f} may usually be neglected unless the slope of the 
# leakage characteristic is important. The ohmic compo- 
| nent may be measured by the difference in leakage 
currents at any two voltages at the same temperature, 
(| provided that the two points are selected below the 
_ start of curvature due to multiplication or avalanche 
effects. 


_ Voltage Breakdown Phenomena 


The breakdown characteristic may be observed by 
an oscilloscope and a current limited pulse. Either the 
| breakdown voltage or the voltage at which the leak- 
' age curve begins to depart from an ohmic characteris- 
tic may be measured by this technique. Since these 
voltages increase with temperature, high temperature 
operation is not a problem as far as body breakdown 
is concerned. 

The leakage currents for a shorted base-to-emitter 
connection increase faster than the values of Ignpo. In 
the common base configuration it can be shown that 
the emitter floating potential increases with tempera- 
ture. By providing a short circuit path between the 
base and emitter, a turn-on signal of the magnitude of 
the floating potential is inserted into the input of the 
transistor, and the value of Irs is therefore always 
greater than Igz9. Due to the increasing floating po- 
tential with temperature, the rate of increase of Ign, 
is also greater than for Iggo. This type of breakdown 
can easily be observed because it is less than body 
breakdown. It occurs at a high collector voltage when 
the floating potential begins to increase. 

The leakage currents for an open base circuit are 
dependent upon az. At these current levels, ag, in- 
creases with current, temperature and voltage. The 
magnitude, slope, and maximum voltages of the leak- 
age characteristic are thus governed strongly by 
variations in agp. The slope of Igyy is not simply the 
slope of the I¢z9 curve multiplied by ac,; the slope is 
even greater due to the increase of agp. 

The maximum voltage for an open base condition 
where “,,—> is considerably less than body break- 
down. At a considerably lower voltage than body 
breakdown, the multiplication factor makes the value 
of agy = 1. Since 


the value of ap, becomes infinite at a voltage consid- 
erably under the body breakdown. The leakage cur- 
rent Iggo, near this voltage, where %, — 1, increases 
radically with temperature so that it usually becomes 
an important parameter when the transistor is driven 
from a high resistance source. The voltage at which 
&oy —1 varies little with temperature and operating 
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point and is not affected by input resistance. 

However, as with the leakages, these breakdown 
voltages do not necessarily act as a circuit limit. These 
lower breakdown voltages can be increased by back 
bias (at least in the region near cut-ofi) to the limit 
of body breakdown or punch through, whichever 
occurs first. The necessary input network or biasing 
arrangement is generally somewhat cumbersome and 
usually causes a disproportionate reduction in gain 
by either shunting the input or causing an input 
threshold level for the signal to overcome. 


Tetrode Advantages 


These disadvantages are reduced by using a power 
tetrode. Consider what can be done by having two 
separate base connections available. One could be re- 
served for the signal input, while the other is used 
to establish the bias point or to supply the leakage 
current. 

In the simplest case, one base could be connected 
to the emitter and therefore limit the leakage to the 
Teng curve, while the second base could be used as the 
signal input channel with only a moderate loss in cur- 
rent gain. 

Other circuitry, necessary to stabilize the operating 
point and provide a temperature-sensitive bias, need 
not be concerned with shunting the input circuit nor 
with its changes in temperature due to signal level 
changes. 

Another circuit possibility is to supply the collector 
leakage current through one base so that the stability 
of the common base configuration is achieved without 
losing the current gain of the common emitter circuit. 

In these cases, not only is the leakage value re- 
duced, but the associated voltage limit is increased, 
depending upon the leakage characteristic used. For 
example, if one base were used to supply the total 
leakage, its value and the voltage breakdown value 
would be as shown for the Igzo0 curve. 

A further advantage is that the leakage current is 
generally independent of the signal source resistance. 
The leakage current does not change when the signal 
input base is either opened or shorted to the emitter. 
See Fig. 3. 

Direct-coupled triode circuits progressively mul- 
tiply the leakage currents of the initial stages and 
often totally saturate the output unit. A simple tetrode 
connection removes the leakage from the signal path 
so that the total leakage of the direct-coupled cascade 
is essentially the unamplified leakage of the final 
stage. See Fig. 4. In this case, operation as tetrodes 
reduced the circuit leakage currents by a factor of at 
least 25. 


Circuit Example 

Direct-coupled circuitry is used in the voltage regu- 
lator shown in Fig. 5. The circuit consists of an n-p-n 
transistor direct coupled to a p-n-p cascaded pair in 
which the output transistor is a power tetrode. The 
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Fig. 3—Comparison of triode and tetrode leakages. 


performance of this circuit will be compared for triode 
and tetrode operation of the ouput transistor. 

This voltage regulator is designed to supply 22 volts 
+1% with input voltage variation from 24 to 32 volts 
and output load variation from zero to 3 amperes. 

Regulators of this type are capable of maintaining 
control of the load voltage as the load current is de- 
creased until the circuit is cut off and only the leak- 
age current flows. However, if the load cannot con- 
sume the total leakage current, the output voltage 
will begin to rise toward the supply voltage. This 
characteristic is generally controlled by using a 
bleeder resistance across the output. Thus, the regu- 
lator never sees an open load, even when the actual 
load is removed. If the load does not change signifi- 
cantly, the bleeder may be omitted. However, if the 
load may decrease to zero, regulation will be lost un- 
less a bleeder is provided which can accommodate 
the entire leakage current. Obviously, a higher capac- 
ity bleeder is required for operation at higher tem- 
peratures. 

Triode operation of the output transistor in the cir- 
cuit shown in Fig. 5 can be achieved by either discon- 
necting base 2 entirely or by connecting it to base 1. 
See Fig. 6A. The difference in circuit operation be- 
tween these two connections is insignificant. By either 
method, only one potential is connected to the base 
region, and this constitutes triode operation. With 
base 2 open the total leakage of previous stages plus 
its own is amplified by the current gain of the output 
transistor. This amplified leakage current represents 
the minimum controllable output current. If the load 
current is reduced below this value the output voltage 
will rise resulting in a loss of regulation. (Control 
Region 1, Fig. 7.) 

Suppose the transistors were mounted on a dissi- 
pator whose temperature was maintained at 25°C. It 
is shown in Fig. 7 that the leakage current would 
have a maximum value of 300 ma when the input 
voltage is 32 volts. In this case, a bleeder of less than 
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Fig. 4—Direct coupled circuit comparison. 


74 ohms and a power capacity of 6.6 watts is adequate 
to provide good regulation. However, if the load had 
consumed 3 amperes from a 32-volt supply just prior 
to its removal, the power dissipated in the transistor 
would be at least 30 watts. At 9 = 1°C/W, the junc- 
tion will not be at 25°C but at 55°C. At this tempera- 
ture, the system leakage current is 3 amperes and any 
reduction in regulator current will cause the voltage 
regulation to be lost for a period sufficient for the 
transistor to cool to the point where the bleeder re- 
sistor can maintain regulation. 

Consequently, this triode with a thermal resistance 
of 1°C/W cannot absorb this amount of power and — 
remain a stable regulator even when the transistor 
case is maintained at 25°C. 

The requirement for being able to remove the load 
or, for that matter, even to cause considerable varia- 
tion in the load, imposes the greatest limitation on 
this type of circuitry. These considerations govern the 
size of bleeder required. A heavy bleeder wastes 
power, reduces efficiency, limits the useful output 
current, and usually generates heat where it is unde- 
sirable. 

Suppose we are willing to use a l-ampere bleeder 
resistance in order to stabilize the regulator for load 
removal. Using a triode as the power regulator, it is 
shown in Fig. 7 that the junction temperature must 
be kept under 40°C to limit the total leakage current 
to the bleeder to 1 ampere. If the power released by 
the bleeder does not heat the transistor, which can be 
kept to 25°C, the circuit will provide good regulation 
as long as the output transistor dissipates no more 
than 15 watts. 

Since the output voltage is held at 22 volts and the 
supply can be kept as high as 32 volts, the thermal 
consideration will limit the regulated current to 1.5 
amperes. With 1 ampere for the bleed, there is only 
% ampere left for useful load. 

In a practical circuit, these conditions are aggra- 
vated because the transistor cannot be kept to a 25°C 
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Fig. 5—Direct coupled voltage regulator. 


temperature. The best that can be done is to attach it 
to the chassis which will always be warmer than sur- 
rounding temperatures. When the cooling is hindered 
by a bleeder which may have a steady dissipation as 
high as 22 watts, it is easy to understand why this 
type of regulator is difficult to design. 

By using the simplest tetrode configuration (Fig. 
6B), that of returning base 2 to the emitter, the leak- 
age of the output stage is reduced and a small input 
threshold is created which nullifies the amplified 
leakage currents of the preceding stages. As the tem- 
perature increases, the amplified leakage of the initial 
stages will begin to overcome the input threshold 
value and become amplified by the output stages. It 
can be seen from Fig. 7 that the temperature for 
stable operation of this tetrode circuit is increased 
about 10°C over the case for a triode. 

The shorting of base 2 to the emitter provides a 
“nonamplifying” path for the leakage current of the 
output transistor and an input threshold for the leak- 
age current of the previous stages. Higher tempera- 
ture operation is possible before loss of regulation 
occurs. (Control Regions 1 and 2, Fig. 7.) 

Inserting a diode in the emitter lead in its forward 
direction causes a small voltage drop that may be 
used effectively to provide a small back bias on base 2 
(see Fig. 6C). The performance for the particular 
diode used allows stable operation for another 10°C. 
(Control Regions, 1, 2 and 3, Fig. 7.) 

Use of a separate battery (Fig. 6D) provides a 
larger input threshold to combat the amplified leakage 
of previous stages, and biases the output transistor to 
its lowest leakage. This configuration is uncondition- 
ally stable to junction temperatures of 65°C. At higher 
temperatures a bleed resistor is necessary to provide 
regulation if the load is opened. A 110-ohm, 5-watt re- 
sistor will provide sufficient bleed power to stabilize 
the regulator at a junction temperature of 85°C. Thus, 
the regulator could handle permanently the full 3 am- 
peres at an input level of 32 volts and chassis tem- 
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Fig. 6—(a) Triode operation of tetrode transistor achieved 
by keeping base 2 open (or connecting it to base 1.) 

(b) Simple tetrode configuration where base 2 is returned 
to the emitter. 

(c) Diode inserted in emitter lead provides a small back 
bias on base 2. 

(d) Separate battery combats amplified leakages from 
previous stages and biases the output transistor to its 
lowest leakage. 

(e) Use of temperature sensitive elements provides addi- 
tional temperature compensation. 
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Fig. 7—Perfomance characteristics, showing typical con- 

trol ranges as bounded by the minimum controllable cur- 

rent, maximum design current limit, and allowable power 

dissipation for each of the tetrode base 2 configurations 
shown in Fig. 6. 
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perature of 55°C. At higher chassis temperatures, the 
regulation may be lost upon opening the load if the 
regulator had been working to its power capacity pre- 
viously. 

If a 55-ohm, 10-watt bleeder were used, the regu- 
lator would be stable under conditions of load re- 
moval up to junction temperatures of 95°C. At a full 
load of 3 amperes and high input voltage of 32 volts, 
the chassis temperature can be as high as 69°C. 

At a chassis temperature of 85°C the current must 
be restricted to 1.5 amperes, or the input supply to 
voltages less than 27 volts, or the junction tempera- 
ture may be exceeded. (Control Regions 1, 2, 3 and 4, 
Fig. 7.) 


Additional temperature compensation may be re- 


alized by means of thermistors or other temperature- 
sensitive elements as in Fig. 6E, which shows a more 
elegant method of providing the necessary tetrode 
biases using thermistors attached to the chassis. In 
this way, the back bias increases with temperature. 

This one circuit illustration is an example of the in- 
creased stability of a power tetrode over a power 
triode, The tetrode is well suited for direct-coupled 
circuitry because it removes the leakage current from 
the signal path and, therefore, the leakage is not am- 
plified. The tetrode makes it possible to realize the 
current gain of the common emitter configuration 
with the leakage and stability of the common base 
configuration. 


Transistor Resistor Logic 
Q. W. SIMKINS* 


Transistor resistor logic offers considerable advantage over most competing logic cir- 
cuits in reliability and economy and should be considered for moderate speed applications. 
In this article the procedures for optimizing a design and determining design limitations 
using a particular transistor are outlined. While results in the form of design capability 
are best obtained with an automatic computer, the design procedures are relatively 
straightforward. It can be seen from results presented for a 2N393 transistor that a TRL 
building block circuit with a fan-in of 5, a fan-out of 5 and a maximum signal propagation 
delay per stage of 0.5 microsecond is designable. The results are experimentally verified. 


scale data processing system involves the con- 
sideration of many factors. Depending on the 
particular application, the relative importance of these 
factors will vary, but to some extent at least, the fol- 
lowing considerations generally apply: Reliability, 
Designability, Economy and Operational Require- 
ments imposed by the system. In many instances the 
operational requirements can be met using any of 
several circuit forms making the circuit choice a 
function of system reliability, designability and econ- 
omy. The circuit designer is often faced, at this point, 
with a choice between a relatively complex circuit 
form with which the device requirements can be 
made more lenient and a relatively simple circuit 
form with which a somewhat higher performance de- 
vice is required. 
Considering the rapid advances in semiconductor 
technology and the objectives outlined above, the 
latter approach is attractive. A particularly simple, 


[= SELECTION of logical circuits for a large- 


*Bell Telephone Laboratories, Inc., Murray Hill, New Jersey. 
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reliable and economic circuit form, Transistor Resistor 
Logic, or more simply, TRL, is the subject of this 
article. In particular the system operational require- 
ments imposed on the logic circuits are related 
through an experimentally verified analysis and the 
limiting performance characteristics of TRL using 
several transistor types are determined. 

Transistor Resistor Logic which utilizes a resistor 
gate and an inverting transistor amplifier has been 
used in several digital systems, such as the Westing- 
house Nordic Computers! and is fairly well known. 
However, a brief description of the TRL circuit and 
its application to digital data processors is included 
here for completeness. The building block parameters 
are then discussed and they are related by means of an 
approximate analysis intended to give some insight 
to the design problem. After the presentation of some 
typical results in the form of design capability curves 
there follows a detailed circuit design procedure or 
analysis which relates all the circuit parameters in- 


‘Ww. D. Rowe “The Transistor NOR Circuit” 1957, IRE WES- 
CON Convention Record Pt. 4, pp. 231-245. 


SEMICONDUCTOR PRODUCTS e APRIL 1959 


|. cluding speed. Finally the results are discussed and 
conclusions drawn. 

} In Fig. 1 the basic TRL building block and flip-flop 
{are shown. Although n-p-n transistors are shown in 
the figure either p-n-p or n-p-n devices can be used 
) with appropriate polarity voltage supplies. The build- 
§ ing block consists of a resistor gate followed by an 
® inverting transistor amplifier. The gate is an “or” gate 
6 to off-ground signals and an “and” gate to ground sig- 
nals. Any combinational logic circuit can be imple- 
mented using these simple building blocks. The 
flip-flop consists of two building blocks in a re-entrant 
connection. 

Several characteristics or system operation param- 
eters of these building blocks may be illustrated in 
this figure. The number of resistive legs on the input 
gate is referred to as the “fan-in” and the number of 
TRL inputs which can be driven from the collector 
node is called the “fan-out.” Another important sys- 
tems parameter of the building block is the speed at 
which signals are propagated through a logical net- 
work. The signal propagation time through a building 
block circuit determines the operating speed of the 
data processor and consequently is of major systems 
interest. Still another characteristic of importance, 
particularly when high reliability is of major interest, 
is the margin against false operation due to induc- 
tively or capacitively induced signals provided by the 
resistive interstage network. An additional system 
parameter might be the operational temperature 
range. This parameter has not been considered in the 
analysis which follows; however, the modifications 
necessary are fairly simple and apparent. 

In Fig. 2 the circuit to be analyzed is shown. It is 
assumed here that the transistor at the right is to be 
turned on by current supplied from the collector node 
shown at the left. The relationships are derived con- 
sidering worst circuit conditions. Resistor and power 
supply tolerances of 5% (which are well within the 
end of life characteristics of the devices used) are 
assumed in the analysis leading to the results shown 
in Fig. 3. The inequalities at the bottom of Fig. 2 in- 
dicate that the minimum value of the transistor cur- 
rent gain (in saturation) must be greater than the 
maximum circuit current gain required. The latter 
expression is factored to provide some insight to the 
problem. 

Ug cain 
l min 
maximum circuit current gain is the ratio of the 
current supplied to the collector node of an on transis- 
tor to that supplied to the collector node of an off 
transistor and is designated the current source factor. 
It is a measure of the constancy of current supplied to 
the collector node and depends on the maximum am- 
plitude of the collector voltage swing from the on to 
off state relative to the value of the supply voltage. 


The first factor, - , in the expression for the 


The second factor, pm, is very nearly equal to 
2 min 
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Fig. 1—TRL building block and flip-flop. 
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Fig. 2—TRL circuit interconnections. 


the building block fan-out N,. It might be noted that 
the base-robbing problem of DCTL? is avoided in 
TRL by the inclusion of the series gating resistors. 


; Ta eas F 3 A 
The third factor, ~°” , in the expression for circuit 


current gain can be related approximately to the 
forward and reverse base currents I;,; and Ips sup- 
plied to the on transistor. I; in is, of course, just 
Tei mine Lo min 18S equal to the sum of I;, J, and I; under 
the appropriate tolerance conditions. Since the value 
of the internal base resistance of the transistor is 50 
to 100 times smaller than the circuit resistance values, 
the base voltage during the turn-off transient will be 
nearly equal to the on base voltage and thus I; and 
I, will be nearly equal to the transient reverse base 
current, Ip2. Thus, the last term can be related to 
forward and reverse base currents and in turn to the 
circuit speed. 

Maximum turn-on time results from minimum base 
current drive (Iz;:) while maximum turn-off time 
results from maximum forward base current I; and 


*J. R. Harris—“Direct Coupled Transistor Logic Circuitry”— 
IRE Transactions on Electronic Computers, March 1958. 
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Fig. 3—Design capability curves. 


minimum reverse base current Ig2. The slowest signal 
propagation speed results, therefore, when the tran- 
sistors turning on have minimum drive and the tran- 
sistors turning off have the maximum drive before the 
signal transient. This maximum base drive, which 
has a very substantial effect on the signal propaga- 
tion time, is a function of the circuit fan-in. 

We have now shown in an approximate way the 
relationship of circuit fan-in, fan-out and signal prop- 
agation time. The final restraint applied in the calcu- 
lation of the design capability curves is the provision 
of at least a 150 millivolt margin against false opera- 
tion of an off transistor through the design of the 
resistive interstage. 

In Fig. 3 typical results of the analysis to follow are 
shown in the form of design capability curves of a 
TRL building block utilizing a 2N393, a p-n-p ger- 
manium transistor. The 2N393 has a d-c current gain 
of 30 or more and an alpha cutoff frequency of about 
50 mc. From these curves a TRL building block can 
be designed and its system operational parameters 
under worst circuit conditions determined. For ex- 
ample, a building block with a maximum fan-in of 5, 
fan-out of 5, and maximum signal propagation time of 
0.5 microsecond can be designed. Preliminary logical 
design work indicates that such a building block will 
satisfy a large percentage (80-90%) of many system 
needs. Shown in dashed lines are the corresponding 
values of the coupling resistor which in this case is 
about 5K. From these curves the maximum fan-in 
and fan-out capabilities independent of speed are 
readily seen. 


Circuit Analysis 


The curves of Fig. 3 and the subsequent design 
capability curves are based on: (1) Two TRL circuit 
inequalities which relate d-c conditions, (2) The min- 
imum forward base current during the turn-on tran- 
sient, (3) The maximum forward base current im- 
mediately prior to the turn-off transient, (4) The 
minimum reverse base current during the turn-off 
transient, (5) The experimentally determined speed 
relationships for a minimum specification unit, and 
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Fig. 4—Transistor transient test circuit. 


(6) An approximate equation relating the signal 
propagation delay of a transistor logic stage to the 
turn-on and turn-off transients. 

An analysis of the first of the two d-c circuit in- 
equalities, shows the minimum conditions for turn-on 
of a TRL circuit with maximum fan-in, N;, driven 
by a similar TRL circuit with maximum fan-out, N,. 
Worst circuit conditions assumed include the most 
adverse combination of resistor and power supply 
tolerances and the most adverse transistor param- 
eters allowable under the specification. In a slightly 
simplified form, these inequalities are, 


1. “ON” Condition 


V 1 maz 


< Vy min lian 
[spare Rr min a N Rx max ae Rae Bice 


4 emaxr Vee min Vs mar V, € max 
_ Vs )(N, — 1) — L2mae ct Vie ma: (1) 
irssn Ra min 


2. “OFF” Condition 
(V» min == Vic wae) 


Tenens (2) 
Teen —+- N; Ra mar 


Veo max ~~ Vn Zs Vee max ~~ 


V, = Collector Supply Voltage 

V2 = Bias Supply Voltage 

R= Gating Resistor See Figure 2 
Rr = Collector Supply Resistor 

Ra = Bias Supply Resistor 

No = Fan-out 

N,; = Fan-in 

8 = Transistor Saturated Current Gain 

Vee = Base “ON” Voltage 


Veo= Base “OFF” Voltage 
Vee = Collector “ON” Voltage 
Vy = Noise Margin 
Relating this inequality to the circuit of Fig. 2, 
the first term is Ig ja, divided by the minimum circuit 
gain, the resulting current being I; min. The second 
term is the minimum value of Is and the third and 
fourth terms are maximum values of I; and I,, re= 
spectively. 
The off condition inequality states that under worst 
circuit conditions an off transistor must be held off by 
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# Fig. 5—Turn “ON” Time, To, vs. Base Current, I,,, of a 
| 2N393 transistor. 


the voltage divider between the bias supply voltage 
Vz and the on collector voltage, V,., of the driving 
TRL circuits. A minimum noise margin, V,, is speci- 
fied to prevent spurious operation due to capacitively 
or inductively coupled noise or crosstalk signals. In a 
practical system these unwanted signals must be 
minimized through careful packaging arrangements, 
low impedance levels, short lead lengths and shielding 
from high energy external signals where necessary. 
With such equipment design precautions and with a 
moderate speed system, such as that indicated by the 
design curves of Fig. 3, a noise margin of 150 milli- 
volts is found to be adequate. 

The base currents which affect the transient per- 
formance of the TRL circuit are related to the circuit 
parameters by the following equations. 


Turn “ON” forward base current 


4c V; min lien in 
N.Ryr aa t- Renin Sines 


4 (V be maz ~~ V ce min) (N; a 1) _ J 2 max + J be max (3) 
Rpts Ra min 


furn “OFF” 


Forward base current prior to transient 


ses Vi max 7 Raz N 
N.Rt min -4- lorane fimin ‘ 


eA (Vo min + Vite ro 
Ra max 


Ips min 


Tp, max 


(4) 


Reverse base current during transient 


V, wink Vue SE ( Voc min Vee maz) N; (5) 
Ra ea Reentie 


Ip min — 
Other circuit conditions which determine the speed 
Jed. Ebers and J. L. Moll, “Large-Signal Behavior of Junc- 


tion Transistors”. Proc. IRE, Vol. 42, pp. 1761-1772, December 
1954. 
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of a 2N393 transistor. 


of the turn-on and turn-off transients are the collector 
current and the effective collector load impedance. 
The collector current is approximately equal to the 
collector supply voltage divided by the load resistor 
Gok 
Rr 

equal to the parallel combination of the load resistor, 
R,, and the N, coupling resistors. 

The transistor rise, storage and fall times (T,, Ti 
and T's, respectively) are related to the base and col- 
lector currents and the transistor parameters as shown 
by Ebers and Moll’. While these analytical relation- 
ships agree reasonably well with experimental data, 
it is perhaps easiest and most effective to use the ex- 
perimental data directly. These data may be readily 
acquired using the test circuit of Fig. 4 or any of 
several similar configurations. The maximum antici- 
pated circuit capacity should be included in this test 
circuit. Typical curves thus obtained are shown in 
Figs. 5, 6 and 7. 

With the foregoing data, it is possible to determine 
the minimum transient response for any of several 


The effective load impedance is nearly 


FALL TIME, Tp, IN SEC. 


0.1 O20 AOS ae. OF a0) mo Oem ON) 0.8 
REVERSE BASE CURRENT, Ip, IN MA. 


Fig. 7.—Turn “OFF” Time, T., vs. Reverse Base Current, 
I;., of a 2N393 transistor. 
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TRL circuit designs satisfying the inequalities of 
Equations (1) and (2). It has been shown that over a 
limited range of values the average signal propagation 
delay per stage, T, of an overdriven transistor ampli- 
fier is given approximately by 


pate yh, 
4 2, 4 
The optimum circuit design for a given set of circuit 
and device parameters is then obtained by selecting a 
circuit design satisfying the required inequalities in 
which the average circuit delay as calculated from 
the above formulae is minimized. This optimization 
procedure can, of course, be a rather formidable task 
and is best accomplished by a high speed computer. It 
has generally been found with germanium alloy tran- 
sistors that an optimum design results from equating 
the two sides of the on condition inequality. The 
optimum is also usually closely approached when the 


Ini max 


ratio is minimized. This is not surprising in 


B2 min 

view of the Ebers-Moll equations for storage time 
which often predominates in the delay equation. 

Several TRL circuits designed by the above pro- 
cedure have been experimentally tested and found to 
agree rather well with the predicted results. The pre- 
dicted speed is, of course, always pessimistic since all 
worst circuit conditions are assumed. For example, 
the average signal propagation delay in an experimen- 
tal model containing about 150 TRL circuits designed 
from the curves of Fig. 3 (N, = 5, N; = 5, T = 0.5 
usec.) is only about 0.2 microseconds. This discrepancy 
is due to the severity of the worst circuit condition 
assumptions, particularly the turn-off after maximum 
saturation condition. It is possible in many cases to 
take advantage of this somewhat higher speed in the 
design of the data processing system. This is partic- 
ularly true when values of fan-in lower than the 
maximum prescribed are used, or when there are 
known restraints on the input variables. This same 
experimental model has also verified the claimed in- 
sensitivity to false operation. 

One of the characteristics of the 2N393 which makes 


FAN OUT 


0.25 


0.75 1.0 
SIGNAL PROPAGATION TIME IN uSEC. 


0.50 1.25 


Fig. 8—Comparison of design capability curves of tran- 
sistors with gains of 30 and 15. 


it particularly attractive in this application is its high 
current gain. The importance of current gain is illus- 
trated in Fig. 8 in which the TRL design capability 
curves using transistors with saturation current gains 
of 30 and 15 are compared. It is evident that substan- 
tially more design flexibility is afforded by the higher 
gain transistor both in speed, fan-out and fan-in. 


Summary 


Within the design capabilities outlined Transistor 
Resistor Logic can be used as a reliable and economi- 
cal digital system building block. Although TRL is 
not in the same speed range with some other logic 
circuits, it does permit circuit operation with maxi- 
mum propagation times of 0.25 usec. or less with pres- 
ently available transistors, a speed which is adequate 
for many data processing applications. In such appli- 
cations the high degree of reliability and economy 
afforded by the use of a fifteen cent resistor as the gat- 
ing element makes TRL very attractive. With the rapid 
growth of semiconductor technology continually 
making available still higher performance devices, this 
simple circuit approach to the implementation of the 
logical circuits in large scale data processing systems 
should find wide applications. 


SEMICONDUCTOR CIRCUIT DESIGN 
AWARDS RULES 


1. Articles and nomographs published in Semiconductor 
products between April 1959 and March 1960 inclusive 
will be considered eligible for the awards. It is therefore 
advisable to submit manuscripts as soon as possible. 


n 


- Mail manuscripts to Semiconductor Products Magazine, 
300 W. 43rd St., New York 36, N.Y. Attention: S. L. 
Marshall, Editor. 


Prizes will be 1) an engraved gold medal and $500.00 
for the most outstanding Semiconductor Circuit Design 
Article, and 2) an engraved gold medal and $500.00 for 
the most outstanding Nomograph relating to Semiconduc- 
tor Circuit Design. 


4. Manuscripts are limited to 3,000 words or less, exclusive 
of illustrations and diagrams. Manuscripts should be typed 
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double-spaced, and submitted in duplicate. Illustrations 
and diagrams need not be inked or ruled; however they 
must be neatly prepared and legible. 


5. Judges’ decision shail be final, and authors agree to 


accept these decisions as a condition of entry. Semi- 
conductor Products reserves the right to correct typo- 


graphical errors that may appear inadvertently in the 
manuscript. 


. Authors of all published material will be remunerated in 
accordance with our regular rates. Material found un- 
acceptable will be returned to the authors. 


1 Employees of Cowan Publishing Corp. and affiliated com- 


panies, and members of their immediate families are not 
eligible for these awards. 
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_ Marketing and Production Trends 


in the Semiconductor Industry 


Part 4 


H. E. MARROWS* 


a combination of attributes which appeals to 

many individuals. In formulating this combina- 
tion, however, the marketing expert inevitably faces 
the most difficult task of weighing cost and price 
against other qualities and functions the product may 
have. The question that always plagues him is: “Can 
high cost and price be overcome by needs, whims or 

conditions of service?” 


NY NEW PRODUCT to be successful must have 


: Hearing Aids 


It was obvious to the early transistor marketing 
specialist that initial high prices to be charged for the 
new hearing aids with transistors would be offset to a 
great extent by reduction in size of the device as well 
as a saving in battery power. The reduction in size 
was to overcome one of the great obstacles to selling 
hearing aids—vanity. Since those early days of the 
_ transistor, hearing aids have come a long way in de- 
sign as can be seen in Figs. 1 and 2. Fig. 3 is a repre- 
sentative schematic of hearing aids on the market 
today. 

At this point the hearing aid industry in the United 
States has been completely converted to transistors. 
Several transistor manufacturers make special small 
size, low noise units especially for the trade. Most of 
the units use three or four transistors, although some 
use as many as five. Of course, the new binaural type 
would use double the number of a single channel. 

It is estimated that the hearing aid manufacturers 
have used over one million transistors a year, but the 
total has been getting larger for the past few years. 
There is little doubt that while growth in this field 
appears to be limited by the still present reluctance 
of many individuals to use hearing aids, there are 
other associated products which the hearing aid man- 
ufacturers seem to have ignored. For example, the 
author has had many inquiries from individuals look- 
ing for a tiny amplifier which could amplify a weak 
voice—to be used on their person. Such a personal 
device, not offered commercially as far as the author 
knows, certainly belongs to the hearing aid manufac- 
turer. A list of most of the hearing aid manufac- 
turers in the United States is shown in Table I. 


* Author: “Transistor Engineering Reference Handbook,” pub- 
lished by John F. Rider. 
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Portables and Other Entertainment Applications 


The next large use of transistors, it appears, will be 
in home radios and associated entertainment applica- 
tions, such as preamplifiers, audio amplifiers, phono- 
graphs and tape recorders. The last two applications 
have come along slowly, a principal reason being, ac- 
cording to the manufacturers, a lack of low cost, quiet 
motors adequate for the purpose. Trav-Ler now has a 
4-transistor 45 rpm phonograph while Broadcast 
Equipment Specialties, which makes the Tapak News- 
caster-Duplex tape recorder is planning to have an 
all-transistor recorder shortly. 

Use of transistors for portables should just about 
preempt tubes by 1960. The present use has been ex- 
tended to almost every major manufacturer of radios. 
A list of companies making portable transistor radios, 
preamplifiers, phonographs and tape recorders is 
shown in Table II. 

A recent study of about 100 basic all-transistor port- 
able radio models made commercially in the U. S., not 


Concealed beneath 
hair on back of neck 


Concealed in hair 
over crown of head 


Fig. 1—Concealed hearing aids. (Nichols and Clark, Inc.) 
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Fig. 2—Binaural or Monaural hearing aid built into 
frame of eye-glasses. (Otarion, Inc.) 
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including kits, shows a wide variety of transistors and 
circuit configurations. Fig. 4 shows the pattern of dis- 
tribution of these all-transistor radios by number of 
transistors per set. A number of receivers using two or 
three transistors have been announced but these do 
not appear to have made much progress in the mar- 
ket. It is believed by some marketing men that this 
field of tiny devices using two or three transistors has 
a good potential for the future in a variety of uses, 
but it will be difficult to overcome some preconceived 
notions that these units can only be toys. As paging 
receivers gain acceptance, it is possible that this field 
of two and three transistor units can become greater 
than the present portable radio market. 

The wide variety of transistor code numbers used 
in portable radios makes it almost impossible to show 
any pattern of standardization or trend. Although 
most of the receivers use a 1N295 or 1N87 diode as a 
detector, the transistor types are scattered throughout 
the EIA spectrum. 

A study of the if amplifier stages really becomes 
confusing. Over thirty different codes are specified 
for first if stages and almost the same number appears 
in second if stages. 

The same pattern of diversity appears in the audio 
driver and output transistors. Although some are 
used in both the driver and output stage, such as the 
2N35, 2N109, 2N185, 2N217, 2N229, 2N291, 2N306, 
2N383, 2N406, 2N407, 2N408 and the GT20. 

This great variety of transistor codes in the output 
stage is, of course, reflected in a fairly large range of 
power outputs, which runs from 25 mw to 500 mw in 
radios having from 4 to 9 transistors. 

Despite this great variety of transistors, a real eye 
opener occurs in the Regency 7 transistor set which 
has a 2N229 in each of the seven stages. 

Prices of the transistor portables are gradually 
coming down toward the level of the better made tube 
types. Their main marketing advantages are in size 
and battery economies. Other interesting innovations 
have appeared, one of which is the return to the reflex 
circuit, wherein one transistor acts as the if as well as 
the audio amplifier. An example of this type of circuit 
is shown in Fig. 5. Another innovation is the incorpo- 
ration of a charging circuit in some of the portables 
by which the battery of the radio can be charged from 
a home line. 

Transistor radios came in significantly in 1955, and 
in 1956 almost a million were made. In 1957 it is esti- 
mated that almost two million were manufactured, 
with prospects that 1958 would double the previous 
year’s figure. On top of this, large imports from Japan 
(in the order of 500,000) will cover the country ade- 
quately. Some estimates made report that at present 
50% of transistor portables being sold in the U.S. are 
of Japanese manufacture. 


Console and Table Models 


The immediate future for transistor radios appears 
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TABLE | 


Hearing Aid Manufacturers 

Nichols & Clark, Inc. 
(Unex Laboratories) 

Otarion Listener 
Corporation 

Paravox, Inc. 

Prescription Hearing Aid 


Acousticon 

Audivox 

Aurex Corporation 
Beltone Hearing Aid Co. 
Dahlberg Company 

Gem Ear Phone Company 


Hal-Hen Company Company, Inc. ' 
Maico Company, Inc. Sonotone Corporation 
Microtone Corporation Telex, Inc. 


E. A. Myers & Sons, Inc. Zenith Radio Corporation 


TABLE Il 


Manufacturers of Radios, Preamps, Phonos and Tape Recorders © 


Admiral Corporation sion of Hoffman Elec- 
Arvin Industries, Inc., tronics Corporation 
Radio & Television Div. The Magnavox Company 
Automatic Radio Mfg. Co., Motorola, Inc. 
Inc. Packard Bell 
Broadcast Equipment Philco Corporation 
Specialties Corp. Radio Corporation of 


Bulova Watch Co. America 
Columbia Records, Div. Regency Div., I.D.E.A., 
of Columbia Broad- Inc. 


Roland Radio Corp. 
Sylvania Electric 
Products, Inc. 
Trav-Ler Radio Corp. 
Warwick Manufacturing 


casting System, Inc. 
Delco Radio Div., 

General Motors Corp. 
DeWald Radio & 

Television Corp. 


Emerson Radio & Phono- Corporation 
graph Corp. Westinghouse Electric 
Fisher Radio Corp. Corp. 


General Electric Company Wilcox-Gay Corporation 
Hoffman Radio, A Divi- Zenith Radio Corporation 


OFF MAG. REC. 


I 
MAG. MIKE ALL CAPACITORS IN MICROFARADS 


Fig. 3—Representative schematic of current hearing aid 
amplifiers. (Nichols and Clark, Inc., Unex Visionear) 
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NUMBER OF TRANSISTORS PER ALL-TRANSISTOR RADIO SET 
(NOT INCLUDING AUTO RADIOS) 


Fig. 4—Distribution of portable transistor receivers by 
the number of transistors per set. 
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Fig. 5—Example of a receiver using reflex circuitry. (G.E.) 


i bright, for there 1s a definite feeling by the buying 
® public that transistors have a number of advantages 
over their tube rivals. It appears that the next large 
market to be developed (outside of automobile radios) 
will be the home radio console or home table models 
and associated high fidelity audio equipment. With 
the appearance of adequate high power and fm broad- 
cast band transistors, the road seems to be well paved 
for this advance. Again, higher costs will be the great 
dilemma facing the marketing expert, but other ad- 
vantages if properly pointed out in merchandising 
should overcome this resistance. The surprising inter- 
est in all-band transistor receivers by the consumer is 
a good indication of the acceptance of these higher 
priced units. 

Among the companies which are making the multi- 
band receivers are: Phileo Corporation, The Magna- 
vox Company, Radio Corporation of America, Re- 
gency Division of I.D.E.A., Inc., Zenith Radio Corpo- 
ration and Hallicrafters Co. These units go to about 
22 me. 

Approaches to the console type radio have been 
made by several companies. Trav-Ler Radio Corpora- 
tion has introduced what the company calls a “Porta- 
Console” while Arvin Industries has designed one of 
its portables, Model 9562 to be also used as a console 
with appropriate wrought iron legs. Other companies 
showing table type models are: Admiral Corporation, 
Philco Corporation, RCA, Westinghouse and others. 


Kits 


Another aspect of the transistor business which 
may become important is kit manufacturing. This 
practice, with some notable exceptions, has not been 
successful in the electron tube industry. One reason 
for this is that the tube circuits generally required 
high voltages that were obtained from the line cur- 
rent. The use of transistors makes a kit builder feel 
safer. Also, of course, the shipment of tubes is more 
apt to result in damages. 

Several companies have made large inroads in the 
kit field. Among these are the Heath Company, Lafa- 
yette Radio, Tran-Kit Electronics Co., Inc., Allied 
Radio, Superex Electronics Corp. and Arkay. 
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Automobile Radios 


It is evident that transistors have made a large 
impact on automobile radios, although exact figures 
are difficult to obtain. Most of the auto radios are 
hybrid types, employing transistors only in the output 
stage. However, within a year or two there is no 
doubt that the transistor will take over completely. 


An elaborate circuit used by Delco contains 13 
transistors and in line with usual design practices for 
automobile radios has a separate rf amplifier as well 
as a separate oscillator. Switching of stations is also 
accomplished through transistor circuits and the cir- 
cuit would be suitable for other applications. Addi- 
tional semiconductor products such as three diodes 
and a thermistor give the unit excellent stability and 
reliability. 

Another innovation that has caught the fancy of 
customers is the General Motors’ portable auto radios 
which appear in Oldsmobile and Pontiac cars. Versa- 
tility of transistors and ingenius automatic switching 
circuits make it possible to remove the radio from the 
car for use as a small portable unit. In the car, the 
radio is a 10-transistor unit, but when taken out be- 
comes a 9-transistor portable with a 3-inch speaker 
and operates on a 6-volt battery supply. 


Summary 


Further marketing innovations are: two speakers, 
clock radios, use of solar batteries and two earphone 
jacks in one set. One radio (Zenith-Model 760) in- 
corporates a low frequency band 150 ke to 400 ke. 


The growing market of transistor radios has prob- 
ably been the greatest spur to transistor manufactur- 
ing outside of military requirements. Certainly, the 
radio advancements have been more orderly and have 
afforded extensive field use. Even greater strides in 
the manufacture of transistors are being made today 
to extend their use to home radios, high fidelity audio 
amplifier equipment and, eventually, to home tele- 
vision receivers. When a device reaches into these 
tields, it has indeed become a factor in the American 
economy. 
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Rectifiers 
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Both the switchboard plug and the headset jack are 
transformer-coupled to the amplifier portion which 
is centered around the transistor. 


Development of evaporation and alloying processes 
that deposit emitter and base contact materials 
almost atom by atom. 


Current limiting fuses, when applied correctly, 
provide satisfactory protection for semiconductor 
rectifier cells. 


Purpose of paper is to establish a better under- 
standing of forward current surge failure. Surge 
failure as a function of current and time is investi- 
gated. 


An algebraically convenient analysis for four-pole 
networks is presented based upon determinant 
techniques. 


Transistor switching circuits are compared for 
obtaining OR and AND functions. An example 
of a logic network is illustrated. 


The phenomena can be used for designing regener- 
ative amplifiers or oscillators at UHF. An advan- 
tage of cyclotron resonance is the possibility of 
achieving higher UHF frequencies. 


Survey includes ten basic industry classifications, 
type of product manufactured, and a few of the 
typical applications. 


Equipment measures both the d-c and a-c common 
emitter current gain as well as collector to emitter 
leakage current. 


Permit quick determination of the realizable per- 
formance of a transistor as a narrow band ampli- 
fier in terms of available operating parameters 
and a desired skew factor. 


An exact solution to the diffusion-recombination 
problem is obtained in certain geometries which 
are generally related in some way to lifetime 
experiments. 


The essential theory of operation and experimental 
verification of the calculations are discussed. 


Simultaneous diffusion of gallium and phosphorous 
is used to form the diffused base structures. De- 
vices deliver 25 watts Class A, 80 watts Class B 
in push-pull operation and peaked currents of 10A 
in pulse operation. 


This note investigates the collector current re- 
sponse by using a more exact expression for alpha. 


Process for growing very small p-n-p or n-p-n 
structures on a miniature seed. 


The diffusion constant, diffusivities, and activation 
energies of diffused layers of gallium in silicon 
were measured using a p-n junction method and 
conductivity measurements. 


Solid solution alloying can significantly increase 
the figure of merit of thermoelectric materials. 


No etching ridges are observed in completely dis- 
location-free crystals. 


The breakdown of sharp p-n junctions due to Zener 
field emission and ionization avalanche. 
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CONDENSED SUMMARY 


A connection is proposed between the high quan- 
tum efficiency of photoemission and p-type con- 
duction. 


Measurements of copper (Cu™) penetration in 
nickel-doped germanium yield concentration values 
more than ten times the equilibrium value. 


The derivation of a general expression for the 
generation recombination noise in a two-level semi- 
conductor, Applications to zinc-doped Ge. 


Decreasing particle size causes decreased bright- 
ness at low voltages. At high voltages the bright- 
ness remains unchanged or tends to increase. 


Gold is one of the impurities introduced in silicon 


during heat treatment. The gold must have its 
origin in the chemicals used . . . requiring special 
precautions in processing. 


If prior to diffusion a suitable gettering agent is 
formed on the surface of a silicon slice, the re- 
sultant average lifetime is greater. 


Wafers of p-type silicon have been bonded suc- 
cessfully to alloy-clad molybdenum to form struc- 
turally sound ohmic contacts. 


The effects of lattice imperfections on the behavior 
of solids can very conveniently be studied on crys- 
tals of the alkali halides. Investigative results are 
given. 


The lowest apparent temperature that can be 
measured is about 200° C. Accuracy is about 1° C. 
In range between 500 and 1000° K the pyrometer 
may be regarded as sensitive only to radiation 
OLN teu. 


The problem of stabilizing the d-c operating point 
of transistors is compared with the corresponding 
problem in tube practice. A graphical method is 
discussed whereby this phenomenon can be accur- 
ately analyzed to a type of circuit to which many 
circuits in common use can be reduced. 


The spectral response of photoconductivity of ZnS 
and CdS for both single-crystal and sintered pow- 
der samples was measured for several distances 
between area of illumination and the electrode 
region. 


A model has been derived for the photoemission 
from these materials under investigation. 


Discussion takes into account scattering by lattice 
vibrations, ionized impurities and neutral impur- 
ities. 


A measurement of the piezoresistance constants of 
single crystal specimens of n-type InAs as a 
junction of temperature form 77° to 300° K has 
been made. 


A quantum mechanical theory of infrared absorp- 
tion by conduction electrons in germanium due to 
intravalley lattice scattering is developed. 


Magnetoresistance was studied for N type single- 
central germanium at 4x10" effective donors/cm’. 


Large photoconductive effects have been observed 
in single crystals of ZnO at 300° K and 78° K. 


Optical absorption and photoconductivity spectra 
of magnesium oxide from various sources are 
presented. 
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The dependence of recombination radiation on the 
excess carrier density, and on the equilibrium 
carrier density was studied in 0.2 and 12 ohm-cm 
n- and p- type germanium. 


Photoconductivity, surface conductance Hall and 
field effect measurements have been made before 
and after electron irradiations. 


Experiments are reported on the effects of a-c elec- 
tric fields and ambient on the surface recombina- 
tion velocity in germanium and silicon. 


Measurements of the Hall coefficient of annealed 
polycrystalline Cu strips of resistivity ratio 
0 (273° K)/@ (4.2° K) ~ 450 revealed marked 
size effects at low temperatures. 


Ferroelectric ceramics are associated with the 
electroluminescent layer to provide built-in storage 
and control. 


It is shown that, if photoemission from the valence 
band is to be used, the photoemitter performance 
will be optimized by acceptor levels near the top of 
the valence band. ’ 


Techniques and special apparatus which have been 
developed for the measurements of input, output 
and unilaterization impedances; transconductance; 
and current gain. 


The performance of silicon solar cells under simul- 
taneous illumination and irradiation by various 
ionizing radiations has been observed. 


Results of investigations as to whether silicon p-n 
photoelements can be used as converters of light 
signals into electrical signals in the range of oper- 
ation of photodiodes (i.e. with a voltage applied in 
the reverse direction). 


Curves of energy loss of electron J(x) for Ge 
and Si were calculated on the basis of Spencers 
theory. J(x) was compared with the experimental 
ionization curves G(x) for Ge. 


The paper deals with effect of “normal” heat treat- 
ment on recombination. 


An expression is obtained for the Hall constant in 
very strong magnetic fields, when wH/c>>1 and 
uH/kt>1. 


Effect of correlation between the electrons on the 
kinetics of process in a narrow impurity zone, in- 
cluding the effect of a compensating impurity. 


The electrical conductivity, the Hall coefficient and 
the resistivity change in a magnetic field were 
measured in a few specimens of n-type gallium 
arsenide in the temperature range 1.5 to 300° K. 


Methods by which films of TeO. are prepared by 
the sublimation of tellurium oxide in a vacuum. 


Results of the determination of the time constant 
of phototriodes are given, followed by a consider- 
ation of relaxation curves for phototriodes. 


Description of an analog device that can simul- 
taneously perform the mathematical operations of 
multiplication and division. 
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CHARACTERISTICS CHARTS OF NEW DIODES and RECTIFIERS 


ANNOUNCED BETWEEN DEC. 1, 1958 and JAN. 31, 1959 ONLY 


Charts of Silicon Zener of Avalanche Diodes, Switching Diodes, 
Voltage Variable Capacitor Diodes, and other types of diodes will 
be published in the May issue of SCP. 


CHARACTERISTICS CHART 


of DIODES and RECTIFIERS 


MAX. f Min. Forward | ax. p.c. 


CONT. Current 


@ 25°C 


I, @E, 


(volts) 


(mA) 


100 


1N1563A 1 Si a. 
1N1564A 1 Si 200 a 
1N1565A 1 Si 300 1 
1N1566A 1 Si 400 1 
1N1581 2 Si 50 3 
1N1582 2 Si 100 - 
1N1583 2 Si 200 ee 
1N1584 2 Si 300 a; 
1N1585 2 Si 400 oF 
1N1586 2 Si 500 a. 
1N1587 2 Si 600 a: 
1N2072 2 Si 50 50 f 
1N2073 2 Si 100 100 

1N2074 2 Si 150 150 

1N2075 2 Si 200 200 

1N2076 2 Si 250 250 

1N2077 2 Si 300 300 

1N2078 2 Si 400 400 

1N2079 2 Si 500 500 

1N2080 1 Si 50 

1N2081 1 Si 100 ; 
1N2082 1 Si 200 

1N2083 1 Si 300 

1N2084 1 Si 400 

1N2085 1 Si 500 
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wee 
co cuanna 


AAIAAQ AAAAN 
aunanan anuano ooo 


oe Ste Swe 
ang o 
ooo © 


ouTpuT @ © 
CURRENT! 


(°C) 


MANUFACTURERS 

AMP— Amperex Electronic Corp. MIC— Microwave Associates, Inc. 
AUD— Audio Devices, Inc. MOT— Motorola, Inc. 
BEN— Bendix Aviation Corp. MUL— Mullard, Ltd. 
‘BER— Berkshire Labs NAE— North American Electronics 
BOG— Bogue Electric Mfg. Co. NPC— Nucleonic Products Co., Inc. 
BOM— Bomac Labs OHM— Ohmite Manufacturing Co. 
BRA— Bradley Labs PHI— Philco Corp. Lansdale Tube Company 
BTHB— British Thomson-Houston Export Co., Ltd. PSI— Pacific Semiconductors, Inc. 
CBS— CBS-Hytron Qsc— Qutronic Semiconductor Corp. 
CcoL— Columbus Electronics Corp. RAY— Raytheon Manufacturing Company 
CTP— Clevite Transistor Products, Inc. RCA— Radio Corporation of America, Semiconductor Div. 
CSF— Compagnie Generale de T.S.F. RRC— Radio Receptor Co., Inc. 
EEVB— English Electric Valve Co., Ltd. SAR— Sarkes Tarzian, Inc., Rectifier Division 
ERI— Erie Resistor Corp. SEM— Semi-Elements Inc. 
FAN— Fansteel Metallurgical Corp. SIE— Siemens & Halske Aktiengesellschaft 
FERB— Ferranti Ltd. ssD— Sperry Semiconductor Division 
GAH— Gahagan, Inc. STC— Shockley Transistor Corp. 
GECB— General Electric Co., Ltd. STCB— Standard Telephone & Cables, Ltd. 
GE— General Electric Company, Semiconductor Div. SYL— Sylvania Electric Products, Inc. 
GIC— General Instrument Corp. TFKG— Telefunken, Ltd. 
GTC— General Transistor Corp. THE— Thermosen, Inc. 
HSD— Hoffman Semiconductor Division TI— Texas Instruments, Inc. 
HUG— Hughes Products Division TKD— Tekade, Nurnberg, Germany 
IFHS— Institutet for Halvledarforskning TOK— Tokyo Tsushin Kogyo, Ltd. 
INRC— International Rectifier Corp. TRA— Transitron Electronic Corp. 
IRC— International Resistance Co. TUN— Tung-Sol Electric, Inc. 
ITT— International Tel. & Tel. Corp. TSC-— Trans-Sil Corp. 
KEM— Kemtron Electron Products, Inc. UsD— United States Dynamics Corp. 
| LCTF— Laboratoire Central de Telecommunications UsSsS— U. S. Semiconductor Products, Inc. 
MAL— P. R. Mallory & Co., Inc. WEC— Western Electric Co. 

WEST— Westinghouse Electric Corp. 


MAX. | Max. Rev. Current 

FULL MER. 
LOAD 1,@E,@T {| See code } 
VOLT. ; atstart } 
DROP‘ | of charts J 


(volts) (uA) (volts) UC") 


150(5) 150 MOT 
150(5) 150 MOT 
150(5) 150 MOT 
150(5) 150 MOT 
1.5 500 50 150 TRA 
1.5 500 100 150 TRA 
Lis 500 200 150 TRA 
1:5 500 300 150 TRA 
1.5 500 400 150 TRA 
rhe | 500 500 150 TRA 
{5 500 600 150 TRA 
250 50 100A TUN 
250 100 100A TUN 
250 150 100A TUN 
250 200 100A TUN 
250 250 100A TUN 
250 300 100A TUN 
250 400 100A TUN 
250 500 100A TUN 
75 350 25 COL 
75 350 25 COL 
£75 350 25 COL 
75 350 25 COL 
75 350 25 COL 
75 350 25 COL | 
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CHARACTERISTICS CHART of DIODES and RECTIFIERS 


MAX. | Min. Forward | max. p.c. MAX. {Max. Rev. Current 


CONT. ouTpuT @ | FULL MER. 


WORK 4 (°C) 5 d 
MAT | PIV VOLT. CURRENT rei | ee code 


| of charts | 
I, @E, DROP‘ 
(mA) (volts) (volts) (uA) (volts) 


1N2086 1 Si 600 .50 25A .75 350 25 COL 
1N2090 sLApi SEL 50 50 .75 50 -50 250 50 85 MAL 
1N2091 tae) {eek 100 100 .75 50 .50 250 100 85 MAL 
1N2092 oe So. 200 200 .75 50 .50 250 200 85 MAL 
1N2093 52 mee Sti 300 300 TB 50 -50 250 300 85 MAL 
1N2094 gets’ GRE 400 400 ats 50 50 250 400 85 MAL 
1N2095 152e Gt 500 500 .75 50 -50 250 500 85 MAL 
1N2096 1 Sd 600 600 .75 50 -50 250 600 85 MAL 
1N2115 1% ees 365 365 n30 .50 .80 250 365 85 MAL 
AM7 DAP} = Ashah 50 50 3.0 150 1.25 500 50 150 GIC 
AM17 Thigh} ~ fSEl 100 100 3.0 150 1.25 500 100 150 GIC 
AM27 OSs: 200 200 30 150 1.25 500 200 150 GIC 
AM37 beh) AGhh 300 300 3.0 150 Teas 500 300 150 GIc 
AM47 igh: “Sih 400 400 3.0 150 1.25 500 400 150 GIc 
AM57 Lay il 500 500 320 150 1.25 500 500 150 GICc 
AM67 iby] SE 600 600 350 150 1.25 500 600 150 GIC 
AM405 Tiss} “Sl 50 50 .150 150 ero: 300 50 150 GIC 
AM410 ess}. Shh 100 100 -150 150 te 300 100 150 GIC 
AM415 Teas} SEI 150 150 .150 150 132 300 150 150 GIC 
AM420 EE GE? 200 200 .150 150 fee 2 300 200 150 GICc 
AM425 ISS} SEE 250 250 150 150 Tz 300 250 150 GIc 
AM430 hash GEL 300 300 .150 150 ieee 300 300 150 GIC 
AM435 13 Si 350 350 .150 150 Le2 300 350 150 GIC 
AM440 3s ‘Si 400 400 .150 150 Te 300 400 150 GIc 
AM450 Se) St 500 500 .150 150 12 300 500 150 GIC 
AM460 sls) she 600 600 .150 150 fa 300 600 150 GIC 
BY501 1D Sz 50 12 120 15 200 25 BRA 
BY502 1G Si 100 12 120 1.5 200 25 BRA 
BY503 1D St 200 12 120 1.5 200 25 BRA 
BY504 1H Si 300 119} 120 1.5 200 25 BRA 
BY505 OY Sst 400 12 120 15 200 25 BRA 
BY506 IDS: 500 12 120 1.5 200 25 BRA 
BY507 1D Sa 600 12 120 5 200 25 BRA 
BY511 3D = Si 50 12 120 15 100 25 BRA 
BY512 30) a Sa 100 Ae 120 TS 100 25 BRA 
BY513 3D = Sil 200 12 120 1.5 100 25 BRA 
BY514 Bae Chl 300 12 120 ire 5 100 25 BRA 
BY515 3D SS 400 12 120 a5 100 25 BRA 
BY516 3D) Si: 500 12 120 1.5 100 25 BRA 
BY517 SOS: 600 12 120 eS, 100 25 BRA 
C35A 5 Si 100 16 80C .86 6500 GE 
C35B 5 Si 200 16 80C .86 6000 GE 
C35C 5 Si 300 16 80C .86 5000 GE 
C35D 5 Si 400 16 80C .86 4000 GE 
C35F 5 Si 50 16 80C 86 6500 GE 
C35G 5 Si 150 16 80C 86 6500 GE 
C35H 5 Si 250 16 80C -86 5500 GE 
C35U 5 Sa 25 16 80C .86 6500 GE 
LD70 1 Ge 12 12 100 1.0 100 52 25 CBS 
LD71 1 Ge 15 12 2.0 .40 25 12 25 CBS 
LD-70 il Ge 15 100 AO 150 15 25A CBS 
LD-71 1 Ge 15 2.0 .40 40 15 25A CBS 
DS203AA 2 Si 50 20 150C .75 5000 50 150C ITT 
DS203BA 2 Si 100 20 150C .75 5000 100 150C Teese 
DS203CA 2 Si 150 20 150C 75 5000 150 150C TEIEAE 
DS203DA 2 Si 200 20 150C 75 5000 200 150C ead 
DS203EA 2 Si 250 20 150C .75 5000 250 150C Tuas 
DS203FA 2 Si 300 20 150C Sule 5000 300 150C ieseae 
DS203GA 2 Si 350 20 150C ads 5000 350 150C THE 
DS203HA 2 SH 400 20 150C .75 5000 400 150C eae 
DS203KA 2 Si 500 20 159C +75 5000 500 150C ITT 
DS203MA 2 Si 600 20 150C 75 5000 600 150C TTT 
DS203PA 2 Si 700 20 150C a5 5000 700 150C iets 
DS203RA 2 Si 800 20 150C .75 5000 800 150C uy 
DS303AA 2 Si 50 30 150C .75 5000 50 150C ITT 
DS303BA 2 Si 100 30 150C .75 5000 
DS303CA 2 Sai 150 30 150C 275 5000 ae ae ae 
DS303DA 2 Si 200 30 150C ayaa 5000 200 150C TT 
DS303EA 2 Si 250 30 150C .75 5000 250 
DS303FA 2 Si 300 30 1 net aTy 
: 50C .75 5000 300 150C Mes 
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CHARACTERISTICS CHART of DIODES and RECTIFIERS 


1, @E, @T 


MAX. | Min. F 
CONT. 


WORK, 
MAT | PIV VOLT. 


Current 


@ 25°C 
I) @E, 


(volts) 


(volts) 


(mA) 


‘ 


DS303GA 


2 Si 350 
» DS303HA 2 Si 400 
DS303KA 2 Si 500 
. DS303MA 2 Si 600 
DS303PA 2 Si 700 
DS303RA 2 Si 800 
DT203AA 2 si 50 
DT203BA 2 Si 100 
DT203CA 2 Si 150 
DT203DA 2 si 200 
DT203EA 2 Si 250 
DT203FA 2 Si 300 
DT203GA 2 Si 350 
DT203HA 2 Si 400 
DT203KA 2 Si 500 
DT203MA 2 Si 600 
DT203PA 2 Si 700 
DT203RA 2 Si 800 
DT303AA 2 Si 50 
DT303BA 2 Si 100 
DT303CA 2 si 150 
DT303DA 2 Si 200 
DT303EA 2 Si 250 
DT303FA 2 Si 300 
DTS303GA 2 Si 350 
DT303HA 2 Si 400 
DT303KA 2 Si 500 
DT303MA 2 Si 600 
DT303PA 2 si 700 
| DT303RA 2 Si 800 
| FS503AA 2 Si 50 
FS503BA 2 Si 100 
FS503CA 2 Si 150 
FS503DA 2 Si 200 
FS503EA 2 si 250 
FS503FA 2 Si 300 
FS503GA 2 Si 350 
FS503HA 2 Si 400 
FS503KA 2 si 500 
FS503MA 2 Si 600 
FS703AA 2 si 50 
FS703BA 2 Si 100 
FS703CA 2 si 150 
FS703DA 2 Si 200 
FS703EA 2 Si 250 
FS703FA 2 Si 300 
FS703GA 2 Si 350 
FS703HA 2 S1 400 
FS703KA 2 Si 500 
FS703MA 2 Si 600 
FT503AA 2 Si 50 
FT503BA 2 Si 100 
FT503CA 2 Si 150 
FT503DA 2 Si 200 
FT503EA 2 Si 250 
FT503FA 2 Si 300 
FT503GA 2 Si 350 
FT503HA 2 Si 400 
FT503KA 2 Si 500 
FT503MA 2 Si 600 
| NOTATIONS Other 
4. For half wave resistive 
Under Use load average over | cycle 
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Under Reverse Current 


JA Dynamic 


Under Mfr. 


1. General Purpose 

2. Power Rectifier 

3. Magnetic Amplifier 
@ Insulated Base 


5. Controlled Rectifier 
6. Available in stack form 
from that manufacturer 


(volts) 


orward | max. D.c. 
ouTpuT @ = 
CURRENTé 


(°C) 


(volts) 


150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C -75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C -75 
150C 75 
150C -75 
150C ot 

150C 75 
150C 75 
150C -75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C -75 
150C 75 
150C - 75 
150C -75 
150C 75 
150C 75 
150C 75 
150C 75 
150C -75 
150C 75 
150C - 75 
150C 75 
150C 75 
150C Bache) 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C 75 
150C - 75 
150C 75 
150C - 75 
150C 75 
150C - 75 
150C 75 
150C 75 
150C 75 


MAX. 

FULL 
LOAD 
VOLT. 
DROP‘ 


(uA) 


5000 
5000 
5000 
5000 
5000 


5000 
5000 
5000 
5000 
5000 


5000 
5000 
5000 
5000 
5000 


5000 
5000 
5000 
5000 
5000 


5000 
5000 
5000 
5000 
5000 


5000 
5000 
5000 
5000 
5000 


10ma 
10ma 
10ma 
10ma 
10ma 


10ma 
10ma 
10ma 
10ma 
10ma 


10ma 
10ma 
10ma 
10ma 
10ma 


10ma 
10ma 
10ma 
10ma 
10ma 


10ma 
10ma 
10ma 
10ma 
10ma 


10ma 
10ma 
10ma 
10ma 
10ma 


Following any rid ag lS reading 


these symbols apply 


A — Ambient 
Cc — Case 

J — Junction 
5 — Storage 


Z\—Inlet Temperature of Coolant 


Type No. 
> —Revised Data 


(volts) 


(°C) 


150C TEE 
150C nig 
150C BUY 
150C ITT 
150C ITT 
150C ITT 
150C a Bi be by 
150C LTT 
150C AA ME 
150C ITT 
150C LPT 
150C ITT 
150C ITT 
150C LTT 
150C TUT 
150C oY ih 
150C ITT 
150C ITT 
150C ITT 
150C Bib 
150C Bis i 
150C ETT 
150C BES hay 
150C 1g & 
150C i By Ia 
150C ITT 
150C bd iy 
150C itr 
150C ITT 
150C Bike 
150C LEE 
150C Lor 
150C cs ty 
150C El be 
150C TEE 
150C rast 
150C Bie 
150C ITT 
150C ITT 
150C EM ik 
150C A ba 
150C sl 
150C B i! tele 
150C a Hb 
150C ITT 
150C BA ty 
150C ITT 
150C ITT 
150C mE Bs 
150C Lor 
150C LoL 
150C mS et 
150C LEA k 
150C ITT 
150C a Bs 
1500 au bag 
150C ie 
150C zd & 
150C LTE 
150C nis y 


Manufacturers should 
be contacted for vai- 
ue and test condition 
for surge current and 
maximum peok recur- 
rent current 


MFR. 


See code } 
at start 


t 


of charts | 
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CHARACTERISTICS CHART of DIODES and RECTIFIERS 


Min. Forward | max. p.c. 7 | MAX. Max. Rev. Current 


OUTPUT @ 7. | FULL MER. 
CURRENT! °C) Load 1,@E,@T [5 codes) 
Mai af charts f 


(volts) (uA) (volts) (°C) 


| 


FT703AA 2 Si 50 70 150C reife 10ma 50 150C LET 
FT703BA 2 Si 100 70 150C ails 10ma 100 150C A bl 
FT703CA 2 Si 150 70 150C ntfs) 10ma 150 150C a Ed tb 
FT703DA 2 si 200 70 150C 2T5 10ma 200 150C TT 
FT703EA 2 Si 250 70 150C 75 10ma 250 150C CrP 
FT703FA 2 Si 300 70 150C 75 10ma 300 150C etd Y 
FT703GA 2 Si 350 70 150C 75 10ma 350 150C ITT 
FT703HA 2 Si 400 70 150C Pal 5) 10ma 400 150C LTT 
FT703KA 2 Si 500 70 150C ato 10ma 500 150C BB Bed 
FT703MA 2 si 600 70 150C ao 10ma 600 150C ETE 
SL588 2 Si 1500 10 10 100 1500 25 TRA 
SL5 89 2 si 1500 50 8.0 100 1500 25 TRA 
SL608 2 si 800 100 1.5 20 800 25 TRA 
SL610 2 Si 1000 100 1.5 20 1000 25 TRA 
SL612 2 Si 1200 100 i Uae) 20 1200 25 TRA 
SL615 2 pope 1500 100 io 20 1500 25 TRA 
SL708 2 Si 800 200 Lo 20 800 25 TRA 
SL710 2 si 1000 200 1.5 20 1000 25 TRA 
SL712 2 Si 1200 200 1.5 20 1200 25 TRA 
SL715 2 Si 1500 200 1.5 20 1500 25 TRA 
TJ80A 2 Si 800 800 400 1.5 100ma 100 reo 500 800 150 TRA 
TJ100A 2 isa: 1000 1000 400 1.5 100ma 100 UA) 500 1000 150 TRA 
TM55 3 Si 500 800 2.0 500 500 150 TRA 
TM56 2 si 500 800 2.0 500 500 150 TRA 
TM65 3 si 600 400 2.0 500 600 150 TRA 
TM66 2 Si 600 400 2.0 500 600 150 TRA 
TR501 2 Si 500 10 150 iba) 5000 500 150 TRA 
TR601 2 Si 600 10 150 1.5 5000 600 150 TRA 
ZR20R 2 Si 50 50 8.0 25A la? 50 50 25 FERB-6 
ZR21R 2 Si 100 100 8.0 25A eyes 50 100 25 FERB-6 
ZR22R 2 Si 200 200 8.0 25A he 50 200 25 FERB-6 
ZR23R 2 Si 300 300 8.0 25A ee 50 300 25 FERB-6 
ZR24R 2 si 400 400 8.0 25A Ay 50 400 25 FERB-6 
ZS50 1 Si 60 60 -20 25 Hea al -50 60 25 FERB 
ZS61 1 si 60 120 20 25 Gage 50 120 25 FERB 
ZS52 1 Si 200 200 .20 25 ek -50 200 25 FERB 
Zs58 Al si 300 300 20 25 Disk: 750 300 25 FERB 
NOTATIONS Other Following any temperature reading Manufacturers should 
———— as oy these symbols apply be contacted for val- 
4.-For half wave resistive ue and test condition 
Under Use load average over 1 cycle A — Ambient for surge current and 
Cc — Case maximum peak recur- 
1. General Purpose Under Reverse Current J — Junction rent current. 
2. Power Rectifier Pars eae S — Storage 
3. Magnetic Amplifier A Dynamic Z\—Inlet Temperature of Coolant 
0) Insulated Base Underener ; 
5. Controlled Rectifier Se , nrpeer 
6. Available in stack form + —Revised Data 


from that manufacturer 


The following manufacturers have announced that they have bequn supplying the indicated previously registered diodes and rectifiers. 


CBS-Hytron: 1N294 

Columbus: 1N440B, 1N441B, 1N442B, 1N443B, 1N444B, 1N547, 1N560, 1N561, 1N1095, 1N1096 
International Rectifier Corp: 1N1130, 1N1131 

Philco: 1N26, 1N26A, 1N78, 1N78A, 1N78B 

Sylvania: 1N128A, 1N191, 1N192, “1N251, 1N252, 1N456, 1N457, 1N458, 1N459, 1N460, 1N461, 
1N462, 1N463, 1N464 
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January 26, 1954 

2,667,607 Semiconductor Circuit Element— 
A. L. Robinson. Assignee: Bell Telephone 
Laboratories. In a circuit element, a pair 
of outer zones of one conductivity type 
on opposite sides of and forming p-n 
junctions with an intermediate zone of 
the opposite conductivity type. 


February 2, 1954 

2,668,262 Asymmetrically Conductive De- 
vice—W. C. Dunlap Jr. Assignee: General 
Electric Company. A device comprising a 
tubular insulating container, a plurality 
of spherical semiconductive pellets, a 
plurality of metallic electrodes each 
bonded to a relatively large surface area 
of said pellets to form a plurality of co- 
axial structures. 


‘February 16, 1954 

2,669,635 Semiconductive Photoelectric 
Transducer—W. G. Pfann. Assignee: Bell 
Telephone Laboratories. A device having 
p-n-p type construction and means for 
causing light to be absorbed within a dis- 
tance of no more than one diffusion length 
from a junction of at least one of the 
outer zones, said light having a minimum 
wavelength of 100 A and a maximum 
wavelength such that the frequency range 
corresponds to the average bandwidth of 
the forbidden region. 


2,669,663 Semiconductor Photoconducting 
Device—J. I. Pankove. Assignee: Radio 
Corporation of America. A device capable 
of forming a barrier layer at its surface 
and having at said surface a semi-trans- 
parent film of metal from the class con- 
sisting of antimony, bismuth, and beryl- 
lium, an electrode in contact with the 
body, and an electrode in contact with the 
film. 


2,669,692 Method for Determining Elec- 
trical Characteristics of Semiconductive 
Bodies—G. L. Pearson. Assignee: Bell 
Telephone Laboratories. The method of 
determining the variation of electrical 
_ characteristics of a body of semiconduc- 
tive material in the direction along which 
the body which compresses, applying to 
the body a suspension of dielectric par- 
ticles in an insulating liquid, and apply- 
ing a potential between points on the 
body spaced in said direction. 


* Source Official Gazette of the U. S. Patent 
Office, and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 


February 23, 1954 

2,669,767 Selenium Rectifier—B. P. Hecht, 
F. Koury. Assignee: Sylvania Electric 
Products Inc. A method of coating a metal 
plate with a vitreous layer of selenium, 
heating the plate to crystallize the sele- 
nium layer, exposing the crystallized layer 
to nascent ozone equivalent to 3 mg. per 
cubic foot for one and one-half minutes. 


2,670,445 Regenerative Transistor Ampli- 
fier—J. H. Felker. Assignee: Bell Tele- 
phone Laboratories. A device which com- 
prises a flip-flop circuit, a three-terminal 
transistor, circuit means to trigger the 
flip-flop circuit and means to provide a 
regular succession of pulses to the base 
electrode. 


March 2, 1954 

2,671,156 Method of Producing Electrical 
Crystal-Contact Devices—R. W. Douglas, 
A. O. Lindell. Assignee: Hazeltine Re- 
search Inc. The method involves passing 
through a crystalline germanium body 
and a contact element, including a portion 
comprising gold maintained in intimate 
contact with said body, an electric current 
of a higher order of magnitude than the 
normal conduction current of the device 
in order to fuze said contact element to 
said body. 


2,671,189 Semiconductor Amplifier Having 
a Resiliently Adjustably-Mounted Semi- 
conductor—A. Gaudlitz. Assignee: Siem- 
ens & Halske (German Corporation). A 
semiconductor device comprising a pair 
of rigid pinlike supporting members, a 
rigid electrode, a resilient S-shaped spring 
for carrying a semiconductor on one of 
its legs, the other leg being fastened to 
the wall of the device. 


March 16, 1954 

2,672,528 Semiconductor Translating De- 
vice—W. Shockley. Assignee: Bell Tele- 
phone Laboratories. A device comprising 
a body of n-type material having on one 
face thereof a zone of p-type material, a 
guard electrode upon said zone, an 
emitter-base circuit, means for reverse- 
biasing the collector connection and 
means for reverse-biasing the guard elec- 
trode at a lower potential than the collec- 
tion. 


2,672,580 Semiconductor Device — K. L. 
Henderson, N. H. Odell. Assignee: 
Stromberg-Carlson Company. The device 
is designed to provide a_point-contact 
semiconducting unit in which the elec- 
trodes may be automatically and precisely 
located relative to each other in the proc- 
ess of assembly. 
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PATENT REVIEW* 


Mf Semiconductor Devices, Fabrication Techniques and Processes, 
and Circuits and Applications Jan. 26, 1954 to Nov. 9, 1954 


Compiled by SIDNEY MARSHALL 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
Jan. 26, 1954 to Nov. 9, 1954. In subsequent issues, patents issued from Nov. 9, 1954 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT RE- 
VIEW will appear every three months, the treatment given to each item being more detailed. 


March 23, 1954 

2,673,311 Crystal Amplifier—S. Amico. As- 
signee: Sylvania Electric Products Inc. A 
semiconductor crystal unit comprising a 
crystal, a back contact thereto, and two 
catwhisker contacts thereon, and an in- 
sulating plate separating the catwhiskers 
by a distance of the order of 0.002 in. 


2,673,312 Semiconductor Device—N. H. 
Odell. Assignee: Stromberg-Carlson Com- 
pany. A device having a base and a col- 
lector electrode in contact with a semi- 
conductive body, a layer of titanium 
dioxide covering a portion of the body, 
and an emitter electrode in contact with 
said layer. 


March 30, 1954 

2,673,930 Ultrahigh-Frequency Crystal De- 
vice of the Asymmetrical Conductivity 
Type—H. F. Matare. Assignee: Societe 
Anonymedite: Compagnie des Friens et 
Signaux Westinghouse. A device com- 
prised of a waveguide, a crystal element, 
a surface of which is freely exposed to 
the waves, means of mechanically sup- 
porting the crystal, and a flexible point 
member in contact with the crystal. 


2,673,936 Diode Gate—J. R. Harris. As- 
signee: Bell Telephone Laboratories. The 
device is designed to decrease the d-c 
power drain in electronic gating circuits, 
to decrease the peak power gain imposed 
on the control voltage source by the 
gating circuit itself, and to permit use of 
a control voltage source having a low 
power output capability and low d-c 
power drain. 


2,673,948 Crystal Device For Controlling 
Electric Currents By Means of a Solid 
Semiconductor—H. F. Matare, H. Welker. 
Assignee: Societe Anonymedite: Compag- 
nie des Friens et Signayx Westinghouse. 
A multi-electrode crystal device for pro- 
ducing electronic relay action. 


April 13, 1954 

2,675,433 Degenerative Amplifier — J. I: 
Pankove. Assignee: Radio Corporation of 
America. A device designed to provide a 
degenerative amplifier where the amount 
of degeneration may be adjusted to sup- 
press either partially or entirely a pre- 
determined polarity of the input signal. 


2,675,474 Two-Terminal Sine Wave Os- 
cillator—E. Eberhard. Assignee: Radio 
Corporation of America. A transistor de- 
vice having an impedance element be- 
tween the base and a point of fixed po- 
tential, a resistor between the emitter and 
said point, a series resonant circuit con- 
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nected across the resistor, and means for 
deriving a sinusoidal output wave across 
the inductance element. 


2,675,477 Modulator for Pulse Transmitters 
—S. Teszner. Assignee: None. A modu- 
lator for generating high-voltage pulses 
of substantially rectangular wave-shape 
for a pulse transmitter. 


April 20, 1954 

2,676,228 Conditioning of Semiconductor 
Translators—J. N. Shive. Assignee: Bell 
Telephone Laboratories. The method of 
permanently altering the electrical char- 
acteristics of a light responsive translator 
which comprises liberating minority 
charge carriers in the body in the vicinity 
of the collector by applying light to the 
region simultaneously with the applica- 
tion of electrical forming energy to the 
collector. 


2,676,271 Transistor Gate—E. G. Baldwin. 
Assignee. Bell Telephone Laboratories. 
An electronic circuit designed to con- 
trollably gate an input signal and at the 
same time amplify the signal being gated, 
and to increase the off/on loss ratio of a 
transmission type gate. 


2,676,288 Rectifier Assembly and Cooling 
Means Therefor—J. J. Riley. Assignee: 
The Taylor-Winfield Corporation. A stack 
assembly in which the plates have axially 
aligned apertures, tubular rods inserted 
in these apertures, and manifold plates 
secured to each end of said tubular rods 
and having fluid passages therein commu- 
nicating with the interior of said rods. 


April 27, 1954 

2,677,106 Testing of Semiconductors—J. R. 
Haynes, J. A. Morton. Assignee: Bell Tele- 
phone Laboratories. The method of com- 
paring bodies of semiconductive material 
with respect to intrinsic lifetime which 
comprises treating a smooth surface of 
the body to reduce the recombination 
velocity, generating mobile charge car- 
riers in a striplike portion, detecting said 
carriers at a fixed place on the surface, 
and indicating the rate at which the con- 
centration varies with the separation be- 
tween the strip and the point of detection. 


May 4, 1954 

2,677,793 Crystal Amplifier—F. Koury. As- 
signee: Sylvania Electric Products, Inc. 
A semiconductor device having a large 
area contact, a conductor in point-contact 
with the semiconductive crystal, an in- 
sulating coating over the surface of said 
conductor and a metallic layer over the 
insulating coating. 


May 25, 1954 

2,679,584 Detector — A. A. MacDonald. 
Assignee: Westinghouse Electric Corpora- 
tion. A linear detector circuit comprising 
an input circuit that utilizes a pair of 
similar crystal rectifier units. 


2,679,594 Wave Generator—K. N. Fromm. 
Assignee: Westinghouse Electric Corpora- 
tion. A pulse generator comprising a tran- 
sistor, means for causing collector output 
power to be fed back to the emitter, and 
an external network interconnecting the 
base, emitter and collector. 


2,679,619 Controlled Semiconductor Rec- 
tifier—L. Grassl. Assignee: Siemens & 
Halske (German Corporation). A rectifier 
comprising a cylindrical tubular body of 
semiconducting material, a large contact 
area base electrode, and two additional 
electrodes comprising a plurality of 
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knife-edge elements each having said 
edge in axially extending engagement 
with the outside of the semiconductive 


body. 


June 1, 1954 

2,680,159 Amplifier Employing Semicon- 
ductors—E. H. Grover. Assignee: Interna- 
tional Standard Electric Corporation. A 
body of semiconductive material divided 
nearly in two, a collector and emitter 
electrode, and two base electrodes in con- 
tact with the two portions, and means for 
biasing the collector and emitter elec- 
trodes with respect to the base electrodes 
so that the collector and emitter currents 
are constrained to flow in the same part 
of the narrow portion of the U-shaped 
body. 


2,680,160 Bias Circuit For Transistor Am- 
plifiers—R. E. Yaeger. Assignee: Bell Tele- 
phone Laboratories. The circuit is de- 
signed to provide a transistor biased for 
high or maximum power dissipation while 
having a stabilized operating point, and 
to provide a stably adjusted amplifier 
whose base current varies widely per- 
centagewise with temperature. 


2,680,220 Crystal Diode and Triode—A. T. 
Starr, C. DeBoismaison, N. S. Cinderey, 
K. A. Matthews, R. B. Cooke. Assignee: 
International Standard Electric Corpora- 
tion. A point-contact electric amplifying 
device comprising a semiconductive disc 
covered by a metal film that serves as a 
base electrode, on the other face a per- 
forated insulating film, a metal film elec- 
trode of area greater than 10°* square 
millimeter and less than 1 square milli- 
meter, and a catwhisker electrode making 
point-contact with the semiconductor. 


June 22, 1954 

2,681,993 Circuit Element Utilizing Semi- 
conductive Materials—W. Shockley. As- 
signee: Bell Telephone Laboratories. A 
signal translating device comprising a 
body of semiconductive material having 
a first and a third zone of one conduc- 
tivity type and a second zone of the oppo- 
site type, intermediate and contiguous 
with the first and third zones, an input 
circuit to zone 1 and 2, and a feedback 
coupling between zone 3 and the input 
circuit. 


2,681,996 Transistor Oscillator—R. L. Wal- 
lace. Assignee: Bell Telephone Labora- 
tories. A circuit comprising a non-linear 
resistance element having a negative tem- 
perature coefficient interconnecting the 
transistor base electrode with an inter- 
mediate tap of an inductance winding, 
and a series-tuned resonant circuit shunt- 
ing a portion of said winding. 


2,682,002 Transformerless Voltage Multi- 
plier Circuits—V. R. Gibson Jr. Assignee: 
General Electric Company. A power sup- 
ply circuit adapted to produce a plurality 
of direct current potentials that are in- 
tegrals of a fundamental direct compo- 
nent of a source of alternating-current 
potential having one side established at 
a reference potential. 


2,682,022 Metal-Envelope Translator—R. F. 
Doran. Assignee: Sylvania Electric Cor- 
poration. An hermetically sealed unit 
composed of a point-contact device, a 
semiconductive body, a metallic tubular 
envelope enclosing the unit, and a co- 
axial assembly supporting the point- 
contact element. 


2,682,034 Apparatus for Applying High In- 


tensity Electrical Pulses to Crystal Rec- 
tifiers—H. C. Torrey, J. B. Weisner. As- 
signee: United States of America (Navy: 
Department). The unit comprises a trans- 
mission line composed of two conductors. 
having the same impedance as the elec- 
trical device, a voltage source for charg- 
ing said line, and means for rapidly 
moving one conductor in a direction to 
connect conductively said electrical de- 
vice across said transmission line. 


June 29, 1954 

2,682,640 Arrangement For Modulating 
Electric Carrier Wave Oscillations—D. W. 
Harling. Assignee: General Electric Com- 
pany Ltd. An arrangement comprising a 
cathode follower, a bridge modulator cir- 
cuit, a carrier wave oscillation generator, 
and means for connecting the bridge 
modulator across the output terminals of 
the cathode follower. 


July 6, 1954 

2,683,204 Circuits for Welding Semicon- 
ductor Devices—J. F. Roach. Assignee: 
Hughes Aircraft Company. An electrically 
annealed circuit for producing an elec- 
trical weld first between the crystal and 
catwhisker elements of a first semicon- 
ductor device, and then performing the 
same operation on a second semiconduc- 
tor device. 


2,683,205 Machine For Making Crystal 
Rectifiers and the Like—B. J. Yanchenko. 
Assignee: General Electric Company. A 
machine for inserting a pair of electric 
terminal assemblies into a casing and 
effecting a weld between said assemblies. 


July 13, 1954 

2,683,794 Infra-Red Energy Source—H. B. 
Briggs, J. R. Haynes, W. Shockley. As- 
signee: Bell Telephone Laboratories. The 
method of generating infra-red energy 
in a narrow band width that comprises 
passing a current of at least 10 amperes 
per square centimeter across a semicon- 
ductive n-p junction in the forward di- 
rection of conduction. 


2,683,794 Pulse Generator—K. N. Fromm. 
Assignee: Westinghouse Electric Corpo- 
ration. 


2,683,840 Semiconductor for Control Pur- 
poses — H. Welker. Assignee: Societe 
Anonymedite: Compagnie des Friens et 
Signaux Westinghouse. A device having 
a thin semiconductive layer, emitter, and 
collector electrodes; and a control elec- 
trode arranged in the gap between the 
emitter and the collector and electrode 
extending parallel to said layer, and in 
contact therewith. 


2,683,853 Power Transmission — F. G. 
Logan. Assignee: Vickers Incorporated. A 
magnetic amplifier comprising a reactor, 
means for passing intermittent unidirec- 
tional pulses through the reactor winding, 
a path for passing intermittent current 
through said winding in the opposite di- 
rection, and means for opposing the pas- 
sage of this latter current. 

2,683,854 Power Transmission—J. R. Con- 
rath. Assignee: Vickers Incorporated. A 
magnetic amplifier comprising power in- 
put and output circuits and means for 
controlling the flow of power between the 
input and output circuits. 


August 10, 1954 

2,686,279 Semiconductor Device—L. E. 
Barton. Assignee: Radio Corporation of 
America. Preparation of the device in- 
cludes grinding a germanium crystal to 
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. Lowman. Assignee: 


obtain a plane surface, removing grind- 


ing marks by electrochemical means thus 


‘oxidizing the prepared surface, position- 


g two point contact electrodes and a 


qdarge area electrode, and then passing 
“D.C. pulses from a point contact electrode 
)to the large contact area electrode. 

» August 31, 1954 

182,688,110 Semiconductor Translating De- 
& vice—J. V. Domaleski, E. L. Gartland, 
4» J. J. Kleimak. Assignee: Bell Telephone 
‘Laboratories. A seamless hollow insulat- 


ing envelope surrounding a semiconduc- 


#tive body and engaging and securing in 
»the proper position the electrodes at- 
tached thereto, said envelope having a 


eavity containing an electrode with a 
flexible portion and a yieldable noncon- 


@ ducting material surrounding the flexible 


section. 


* September 21, 1954 


2,689,930 Semiconductor Current Control 
Device—R. N. Hall. Assignee: General 
Electric Company. A device comprising a 


-erystal having adjoining p-type and n- 


type zones, an acceptor activator elec- 
trode fuzed to the p-type surface region 


and a donor activator electrode fuzed to 


the n-type region. 


October 5, 1954 


2,691,070 Transistor System for Translat- 
ing Signals in Two Directions—R. V. 
Hazeltine Research 
Inc. A system for translating signals in 
two directions comprising a transistor, a 
high impedance first terminal circuit and 
low impedance signal translating chan- 
nels, a similar second terminal circuit, 
and an A-C source of bias potential con- 


_ nected to said circuits to render the tran- 


sistor conductive alternately in opposite 
senses, and to control the nonlinear ele- 
ments in said circuits in order to translate 
signals in two directions between said 
circuits. 


2,691,074 Amplifier Having Frequency Re- 
sponsive Variable Gain—E. Eberhard. 
Assignee: Radio Corporation of America. 
A device consisting of a three terminal 
transistor, parallel resonant input and 
output circuits, and a series resonant cir- 
cuit connected between the emitter and 
the input circuit so as to render the gain 
of the amplifier a function of the fre- 
quency of the input signal. 


2.691,075 Transistor Amplifier With High 
Undistorted Outnout—R. F. Schwartz. As- 
signee: Radio Corporation of America. 
The device is designed to provide a 


| single-ended push-pull transistor ampli- 
fier utilizing two transistors of different 


electrical characteristics which provides a 


high undistorted output. 


2,691,076 Semiconductor Signal Translating 
System—A. R. Moore, F. Herman. As- 
signee: Radio Corporation of America. In 
a translating system, two semiconductors 
having a barrier and each capable of pro- 
viding a potential gradient thereacross, 
means for causing a modulated electron 
beam to impigne upon the bodies near the 
barriers, means for deriving an output 
signal across load impedance elements. 


2,691,077 Transistor Power Amplifier—L. L. 
Koros. Assignee: Radio Corporation of 
America. The device is designed to pro- 
vide a transistor amplifier which provides 
negligible distortion of the signal to be 
amplified, and to provide a circuit having 
constant current input thereby reducing 
inherent distortion to a minimum. 
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October 12, 1954 

2,691,577 Alloys and Rectifiers Made 
Thereof—K. Lark-Horovitz, R. M. Whaley. 
Assignee: Purdue Research Foundation. 
An alloy having semi-conducting proper- 
ties and consisting essentially of ger- 
manium and titanium in an amount up 
to 0.5 atomic percent. 


2,691,736 Electrical Translation Device In- 
cluding Semiconductor—J. R. Haynes. 
Assignee: Bell Telephone Laboratories. 
In this device means for supplying signal 
current controlled mobile charge carriers, 
a region of the semiconductor body re- 
moved from the emitter area, a second 
region surrounding the emitting means 
such that the mobile charge carrier de- 
cay rate for the first region is at least 
ten times greater than the rate in the 
second region. 


2,691,750 Semiconductor Amplifier—J. N. 
Shive. Assignee: Bell Telephone Labora- 
tories. An amplifier comprising a wafer of 
n-type semiconductor, and an emitter 
collector, and base connection. 


October 19, 1954 

2,692,337 Oscillation Generator—R. L. 
Hanson. Assignee: Bell Telephone Labo- 
ratories. A semiconductor device having 
three impedance elements connecting the 
emitter collector, and base respectively 
to a ground point, and a feedback path 
directly connecting the collector and emit- 
ter electrodes. 


2,692,343 Pulse Separating Circuit—S. J. 
Spiro. Assignee: Stewart-Warner Cor- 
poration. A pulse separating circuit for 
eliminating from a train of pulses the first 
pulse of a group. 


October 26, 1954 

2,692,839 Method of Fabricating Germa- 
nium Bodies—H. Christensen, G. K. Teal. 
Assignee: Bell Telephone Laboratories. 
A method of forming a layer of germa- 
nium upon a body of germanium which 
comprises treating said body with a gas- 
eous mixture of hydrogen, germanium 
halide, and an impurity determining a 
conductivity type opposite to that of said 
body. 


2,692,950 Valve for Infra-Red Energy— 
R. L. Wallace. Assignee: Bell Telephone 
Laboratories. The method of modulating 
light having a wavelength greater than 
1.2 microns which comprises passing the 
light through a silicon body injecting free 
charge carriers into the body and modu- 
lating the rate of carrier injection. 


2,692,952 Semiconductive Light Valve— 
H. B. Briggs. Assignee: Bell Telephone 
Laboratories. A valve comprising a semi- 
conductive body that is normally trans- 
parent to light of greater than a threshold 
wavelength, means for optically control- 
ling the beam within the body, and means 
for injecting free charge carriers into the 
body. 


November 2, 1954 

2,693,022 Method of Manufacturing Whis- 
ker Electrodes—A. M. Gurewitsch, W. C. 
Dunlap Jr. Assignee: General Electric 
Company. A method for establishing a 
sharp pointed single fine wire strand com- 
prising surrounding the wire with a thick 
metallic layer, severing the assembly at 
an acute angle to the longitudinal axis, 
and dissolving the metallic coating. 


2,693,555 Method and Apparatus for Weld- 
ing Germanium Diodes—H. Q. North, 
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S. H. Barnes, J. F. Roach. Assignee: 
Hughes Aircraft Company. A method of 
welding a metallic electrode to a ger- 
manium crystal element which produces 
a two-electrode device, one electrode of 
which makes contact with the crystal by 
means of a non-rectifying welded con- 
nection. 


2,693,556 Semiconductor Diode—P. J. 
Gahagan. Assignee: None. A _ crystal 
point-contact diode comprising a cylin- 
drical envelope of ceramic tubing, a pair 
of spaced metallic members partially 
within the envelope, and a thermosetting 
resin in said envelope surrounding and 
mechanically bonding the elements there- 
in. 


2,693,568 Current and Voltage Regulation 
—F. H. Chase. Assignee: Bell Telephone 
Laboratories. In a two-transistor circuit, 
means for impressing upon the emitter of 
one transistor a potentional with respect 
to the base having variations correspond- 
ing to load voltage changes, and means 
for impressing between the base and 
emitter of the other transistor a voltage 
for controlling the current supplied to 
the load. 


2,693,572 Current and Voltage Regulation 
—F. H. Chase. Assignee: Bell Telephone 
Laboratories. An objective of this device 
is to provide a circuit including a tran- 
sistor and a Zener diode for setting up a 
control voltage and having means for 
reducing or eliminating voltage changes 
due to changes of ambient temperature. 


November 9, 1954 

2,694,024 Semiconductor Bodies for Signal 
Translating Devices—W. L. Bond, 
M. Sparks, G. K. Teal. Assignee: Bell 
Telephone Laboratories. A silicon or ger- 
manium rod consisting of two longitu- 
dinal n-type crystals having orientations 
differing by about ten degrees, said 
crystals being physically continuous 
across an intervening region of p-type 
conductivity, the (III) crystal planes be- 
ing transverse to the rod. 


2,694,113 Transistor Amplifier With Con- 
jugate Input and Output Impedances— 
L. A. Meacham. Assignee: Bell Telephone 
Laboratories. A transistor circuit having 
a voltage divider impedance element 
connecting the base and the collector, an 
intermediate tap on said element, a se- 
ries input circuit, and an output circuit 
including a load in shunt with said im- 
pedance element. 


2,694,115 Push-Pull Transistor Amplifier 
With Conjugate Input and Output Im- 
pedances—L. A. Meacham. Assignee: Bell 
Telephone Laboratories. A circuit de- 
signed to provide strictly one way am- 
plification of signals, to render the input 
impedance of the amplifier circuit inde- 
pendent of its load, and to render the out- 
put impedance independent of the driv- 
ing source. 


2,694,168 | Glass-Sealed Semiconductor 
Crystal Device—H. Q. North, J. N. Car- 
man Jr. Assignee: Hughes Aircraft Com- 
pany. A device sealed in a hollow glass 
cylinder and comprising an n-type multi- 
faced germanium element, a copper layer 
bonded to one face of said element, a 
silver layer bonded to the copper, a lead 
wire, and a conductive vitreous bond be- 
tween the wire and the silver layer. 
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COOL ° ° 

Keep t P : ® FOR MOST JETEC 30 TRANSISTORS ° 

p transistors at or “ im 


j (Jetec Outline TO-9) 
below maximum 


operating temperatures 
with these new 
Birtcher Transistor 
Radiators. Provides the 
transistor with its 
own heat sink and a 
greatly increased - 
radiating surface. Easy 
to install in new or 
existing equipment. 
Modifications to fit 
hundreds of popularly 
used transistors. 


with NEW 


BIRTCHER 


TRANSISTOR 
RADIATORS 


BIRTCHER COOLING AND RETENTION DE- 
VICES ARE NOT SOLD THROUGH DISTRIBU- 
TORS. THEY ARE AVAILABLE ONLY FROM 
THE BIRTCHER CORPORATION AND THEIR 


FOR CATALOG SALES REPRESENTATIVES. 


ena THE BIRTCHER CORPORATION 


test data ° - on 
es industrial division 
, 4371 Valley Blvd. Los Angeles 32, California 
Sales engineering representatives in principal cities. 
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PROVIDING 
UNPRECEDENTED 
PERFORMANCE 
IN CRITICAL 
OPERATIONS 


ESTABLISHES NEW HIGH STANDARDS OF 
DEPENDABLE IMPERVIOUS PROTECTION 


CHARCO'S “'NEO-SOL"’ ALL-MILLED NEOPRENE 


DRY BOX 
GLOVE 


FLEXIBLE, FINGER-SENSITIVE AND COMFORTABLE 
SAFE AND TROUBLE-FREE PERFORMANCE 


CHARCO Dry Box Gloves are manufactured of MILLED 
NEOPRENE by the Multiple-Dip Cement Method, using 
MOLECULAR solvent solutions of neoprene. 


HIGH VOLTAGE TESTED 


CHARCO’S electrical test is made after 
wisual and other inspections. It insures 


that each glove is free from hazardous 
defects. 


Write for FREE ILLUSTRATED FOLDER 


CHARLESTON RUBBER COMPANY 


53 STARK IND. PARK CHARLESTON, SOUTH CAROLINA 


NEO. SOL 


TEND 4 arreovt. 


In Complete 
Range 
Of Styles 


04 
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Miniature Selenium Rectifiers : 

Designed to meet applications in which | 
space is limited, a new, miniature line of 
completely potted selenium rectifiers, | 
known as the ABC series, is available 
from General Instrument Corporation’s 
Radio Receptor Division. Available in a_ 
wide range of voltages and currents for 
use in half wave, full wave, single or 
three-phase rectifier circuits. Dimensions 
depend upon specific voltage and current 
requirements. 
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Transistor Test Rotor 

Lourdes Instrument Corporation, manu- 
facturers of a complete line of super- 
speed centrifuges, announces the de- 
velopment of a special rotor designed 
specifically for subjecting transistors, di- 
odes and other semiconductors to a cen- 
trifugal acceleration of from 10,000 to 
25,000 times gravity. The application of 
such force is often required by military 
specifications and may also be included in 
an overall testing program, together with 
vibration, impact, corrosion and tempera- 
ture tests. 
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Transistor Satellite Transmitter 

An all-transistor 20 megacycle tele- 
metering transmitter, designed for possi- 
ble use in space satellites, has been built 
by Philco Corporation for the U. S. Army. 
It weighs less than 10 ounces, is five inches 
in diameter and one inch high, and is 
capable of operating at high efficiency 
in outer space within a temperature range 
of 5 to 187°F. Consists of 3 sections: Os- 
cillator, Power Amplifier, and Modulator. 
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the-shelf delivery 
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VALLEY ELECTRONICS, INC. 


1735 E. JOPPA RD., BALTIMORE 4, MD. 
Phone VAlley 5-7820 
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jibminiature Bridge Rectifier 
A new series of subminiature silicon 
jidge rectifiers extends the International 
jectifier line to replace bulky vacuum 
ybe bridge rectifiers in 149 of the volume 
d weighing less than 1499 of equivalent 
be circuitry. Measuring 0.875 x 0.719 x 
150", weighing % ounce, these rugged, 
‘fock-resistant devices are designed pri- 
jarily to provide extreme miniaturization 
@ missile, airborne and ground system 
fErcuitry, and may be operated at tem- 
i up to 165°C. Request Bulletin 
Circle 128 on Reader Service Card 


Featuring 25 amperes D. C. collector 
rent, the new line of power transistors 
y the Semiconductor Division of Mo- 
Horola has exceptionally high current as 
vell as good Beta linearity. Numbered 
1162 through 2N1165, these units are 
ermanium PNP, alloy junction types, 
ith collector common to the case. De- 
igned for high current switching and 
udio applications, featuring rugged in- 
ernal design and hermetically sealed 
andard TO-3 package. Available with or 
vithout solder terminals. 
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Mercury Battery Packs 
Small mercury battery cells were used 
to power the transmitting and other re- 
cording devices of the Satellite launched 
from the Navy’s Vanguard Rockets. This 
mercury battery power unit comprised a 
cluster of batteries with a multi-prong 
plug potted in Eccofoam. The mercury 
battery packs, developed and manufac- 
tured by Mallory Battery Co., a Division 
of P. R. Mallory & Co., are the same type 
used to provide energy for the electronic 
reporting equipment in previous U. S. 
satellites. The complete electronic and 
battery component, which will transmit 
a constant tracking signal as the satellite 
makes its orbit at 18,000 miles an hour, 
weighs 13 pounds. The transmitter will 
send signals back to earth from outer 
space. 
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Logic Silicon Transistor 

Transitron Electronic Corporation an- 
nounces availability of silicon logic tran- 
sistors with the speed of the fastest ger- 
manium types. The new transistor 2N1139, 
with its speed and power handling 


abilities, represents great progress in 
transistor technology. Typical total switch- 
ing times average less than 30 millimicro- 
seconds. Guaranteed Alpha cutoff of 100 
mec minimum. Write for Bulletin PB13. 
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Double Anode Zener Diode 

U.S. Semiconductor Products  an- 
nounces a medium power double anode 
silicon zener diode for clipping, pulse 
forming, and voltage regulating applica- 
tions with lower Tc. Offered in same 
small packages available in Semcor’s 
standard medium power line. Zener volt- 
ages from 7}4v to 35v, .038% to .066% per 
°C Te. Diffused junction techniques pro- 
vide commercial and military users with 
reliable performance diodes for their ap- 
plications. 
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Crystal Orientation Device 

Sylvania has announced the develop- 
ment of a new measuring instrument 
which assures rapid and accurate orienta- 
tion of silicon and germanium crystals 
used in the manufacture of transistors, 
diodes, and other semiconductor devices. 
It utilizes a converging beam of light pro- 
jected upon microscopic etch pits in the 
surface of the material. The beam is re- 
flected from the facets of the etch pits 
and split into a number of component rays 
equal to the number of planes comprising 
a single pit. The planes behave like tiny 
mirrors which reflect these component 
rays to a sereen in the form of a light 
pattern which can be interpreted by the 
operator immediately as to orientation. 
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Flux Quantizing Time Base and Divider 

A new line of solid state decade di- 
viders announced by the Burroughs 
Corp. is designed to provide accurate 
frequency dividing or timing pulses up 
to 100 ke with the minimum of compo- 
nents, size, and power consumption. 
Counting is accomplished by the use of 
two miniature tape wound cores and two 
transistors. This new technique uses two 
cores known as the “quantizing core” and 
the ‘counting core.” The ‘quantizing 
core” develops a standardized pulse to 
drive the “counting core” which will ac- 
cumulate 10 counts before an output 
pulse is obtained. Variable division ra- 
tios other than 10 can be obtained by 
minor modification. 
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Digital Voltmeter 

Franklin Electronics announces a new 
general-purpose digital voltmeter, cover- 
ing a range of 0 to 1000 V de. The new 
instrument, designated Model 410, utilizes 
an all-electronic circuit and provides an 
accuracy better than 0.5% of full scale. 
A three-column, vertical readout is used. 
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Transistorized Electronic Switch 

Navigation Computer Corp. announces 
a new completely transistorized Elec- 
tronic Switch, Model 129A, which has 
been added to the standard line of 
NAVCOR digital system building blocks, 
and performs the following functions: 
(1) gating of pulse bursts, (2) standardiz- 
ing pulses to the NAVCOR system —Vk 
pulse, and (3) providing a “one-shot gate” 
circuit. It is a standard NAVCOR slide-in 
module measuring 24” high, 1034” wide 
and 7” deep. 
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Tiny Guided Missile Capacitor 

A tiny molded mica capacitor to make 
possible smaller, lighter guided missiles 
has been developed by General Instru- 
ment subsidiary, Micamold Electronic 
Mfg. Corp. The Subminiature “Missilmite” 
operates at broadest humidity and tem- 
perature extremes and permits great de- 
sign flexibility to the engineer. The device 
is claimed to withstand operating tem- 
peratures of —55°C to +125°C. Can also 
be used in delay lines, pulse networks, 
computers, transistorized assemblies. etc. 
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Casting Resin Absorber 
Emerson & Cuming has introduced a 
new product designated Eccosorb CR. It 
is a casting resin which can be used to 
mold to size waveguide terminations, at- 
tenuators and loads. When cured, it has 
high attenuation over the full microwave 
frequency range. It is supplied as a two- 
component liquid system. When properly 
proportioned and cast, the material can 
be cured to a rigid plastic which will 
reproduce mold dimensions accurately. 
It can then be readily machined, if re- 
quired. Cure can be accomplished at 
room temperature or rapidly at elevated 
temperature. Both step-tapered and uni- 
form-tapered loads can be produced. 
Circle 148 on Reader Service Card 


DC/AC Power Supply 
A new compact DC/AC power supply 
named the “Handivolt” has been an- 
nounced by Nutron Manufacturing Co. 
Features high power, small size, high 
efficiency at all voltage settings, smooth 
stepless control and choke type filter for 
low ripple content. Manufactured in 
many voltage and amperage combinations 
to handle every laboratory and electronic 
problem. Series B units are isolated from 
line and have a voltmeter to monitor 
DC voltage output. All models are rated 
for heavy duty. Variable AC output is 
brought out to line receptacle. Low volt- 
age models have 2 variable AC outlets. 
Circle 158 on Reader Service Card 
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*REGATRON POWER SUPPLY 
DOES THE WORK OF 3 


ORDINARY POWER SUPPLIES 


a case history 


0-100 V dc, 0-100 ma, 
$129.00 unmetered) 


A MANUFACTURER required three different regulated voltages. 
The voltages, which were to be used alternately, could be furnished by three 
separate power supplies or by a single power supply and a voltage divider. 
But, three power supplies were expensive. On the other hand, a voltage 
divider meant a loss of power and regulation plus the expense of high- 
wattage components. 


Tue SOLUTION: Three 1-watt resistors and a *Regatron Program- 
mable Power Supply. An exclusive programming feature permits changing 
output voltage by shunting two terminals with a resistor. For each 1000 
ohms, the Regatron delivers one volt .. . at rated current and regulation. 


In THE PROBLEM quoted here, the required voltages were 14.5, 
28, and 45 V dc. The three resistors were 14.5K, 28K, and 45K. Regatron 
Programmable Power Supplies are available in many ranges up to 600 V dc 
and 3 amperes. Bulletin 765A tells more about how Programmable Regatrons 
solve d-c problems. Write for your copy. 


POWER FACT No. §& 


Regulation: 


Regulation would appear to be a simple operating characteristic 
of a power supply. Yet much confusion exists concerning the exact 
meaning of the word. Relative regulation, absolute regulation, etc. 
are different aspects which are often confused. 

For definitions and a useful discussion of these matters, send for 
Technical Bulletin No. 2005. It is free of charge. 


* Registered U.S. Patent Office. U.S. Patents Issued and Pending. 
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ON SEMICONDUCTOR FRONTIERS 


ima) beat the heat’ at 200°C 


ELECTRONIC ENGINEERS at TI’s Semiconductor-Components divi- 
sion are beating the heat barrier with devices operating at 200°C 
and higher — twice the boiling point of water! Under the hot glare 
of infrared light simulating extreme operating conditions, the engi- 
neer shown above is testing a TI-introduced silicon power transistor 
operating in conjunction with the new Sensistor temperature-com- 
pensating silicon resistor. 


Exploration of new frontiers in solid state electronics is a never- 
ending project at TI’s S-C division with engineers, physicists and 
chemists combining their research efforts to extend frequency, 
power and temperature limits —building America’s electronic 
future. If you are interested in joining other leading engineers and 
scientists at the industry’s most modern research, development and 
production facilities — write or call for more information on i Xas 
Instruments, a corporation nearly three decades old — recog 
leader of the semiconductor industry. 


Inquiries from experienced graduate engineers interested in further- 
ing solid state electronic technology are welcomed by the TI Semi- 
conductor-Components division. You can play a vital role in research 
or development engineering on: 

transistors, diodes, rectifiers, capacitors, resistors, 

IR detector cells, materials purification, circuit 


design and application, test equipment design, 
and design of complex automatic machinery. 


You will discover forward-looking personnel benefits more advanced 
than any other in the industry. For detailed information in confi- 
dence, write: Harry Laur, Personnel Administrator, Dept. 2502. 
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TEXAS INSTRUMENTS 


NCORPORATEOD 
Liha setae) COMPONENTS DIVISION 
POST OFFICE BOX 312 + 13500 N. CENTRAL EXPRESSWAY 


WORLD'S LARGEST SEMICONDUCTOR PLANT : DALLAS, TEXAS 
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_—=—__ Eliminate © 
———— -Breadboard Layout! — 
SPEED DESIGN OF TRANSISTOR CIRCUITS 
_ With the SPRAGUE TRANSIMULATOR 


Bring transistor circuits to life in a matter of minutes 
with the Sprague LF-1 Transimulator. This new 
instrument lets you simulate any amplifier stage, a-c or 


FEATURES OF THE LF-1 TRANSIMULATOR 


@ TRANSISTORS—PNP and NPN Junction, and Surface Barrier. 
direct-coupled, short of high power audio output; also : Sperecs. ne Emitter, Base, Collector 
chee ° ° : is e — Audio, up to c. 
multivibrator, switching, Phasing, push-pull, Class A ° TRANSISTOR POWER —Through medium power audio output. 
and B, and many others using cross-coupled Transimu- ¢ BATTERY SUPPLY.—Separate bias and load. 1.5, 3, 4.5, 
lators ... whether the circuit is common or grounded 6 volts d-c. Polarity Reversing Switch. 
emitter, base, or collector... whether the transistors . apolar eben 20 uf Direct, and Ext. C. posts, 
‘ . on both Input an utput. 
are PNP, NPN, or Surface Barrier. You can simulate ¢ BIAS RESISTANCE—Up to 555,000 ohms continuously 
circuits stage-by-stage for cascade Operation ... or use variable! 
a separate Transimulator for each stage to get simul- e LOAD RESISTANCE—Up to 277,500 ohms continuously 
taneous multi-stage operation. variable. 
e EMITTER RESISTANCE—Up to 2,500 ohms variable. Series 
Pays For Itself In A Matter Of Weeks resistor and bypass capacitor can be added. 
E hi df ee eee F ¢ BASE COLLECTOR STABILITY —Up to 250,000 ohms 
4 veryt ing you ave or RC ampli ler cifcuits is built variable. Series resistor and bypass capacitor can be added. 
right into the LF-1, including coupling capacitors... ¢ VOLTAGE DIVIDER STABILITY —Up to 50,000 ohms variable. 
bias and load resistors... battery voltage supplies... * 5-WAY BINDING POSTS—For meters, transformer coupling, 
Base Collector—Voltage Divider stabilization circuits external supply voltage, 


output, almost any con- 
Whether you’re designing audio circuits or switching nection required. 


Circuits, you'll get atrue iehits of operating | pekagnerens 
minutes after you’ve drawn the circuit iagram... 
without wasting valuable time with breadboard and 
soldering gun. 


Bring Cirevit Diagrams To Life In Minutes 


sagen’ : d tion, b ‘ 
... 5-way binding posts for transformer coupling and Caen cant inpuranl $ 50 
metering. on y Nex 


An ideal laboratory instrument, Transimulators are 
inexpensive enough to justify several on every bench. 
You can even use the LF-1 to test transistors in the 
circutt...the only real proof of design parameters. 
And a complete step-by-step instruction manual makes 
operation fast, simple, Bad easy. SPRAGUE PRODUCTS COMPANY, NORTH ADAMS, MASSACHUSETTS 
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